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| nine years ago | described the roent- peritoneal coat. Second, the variety for 
genologic manifestations observed in a_ which Judd proposed the designation duo- 
series of cases of duodenitis, a lesion to denitis. This lesion also produces hyper- 
which Judd previously had directed par- emia and stippling of the serosa, but the 
ticular attention. Since then additional wall is not indurated, and on palpation the 
cases have been seen at The Mayo Clinic, duodenum is indistinguishable from one 
and contributions to the subject have been which is normal. On opening the bowel the 
made by several clinicians, pathologistsand mucosa may appear to be unbroken, but it 
roentgenologists. This increased material is locally or diffusely inflamed, bleeds 
seems to warrant further consideration of — easily on manipulation, and on close inspec- 
the theme. tion may present one or more small, super- 
HISTORY ficial erosions. This variety occurs not only 
independently but often in association 
with true ulcer, sometimes in the ulcer 
bearing area, sometimes on the opposite 


lor many years W. J. Mayo had noted 
striking differences in the gross appearance 
of ulcerative lesions of the duodenum, and 


wall. 
in 1913 he described them succinctly. He 
MORBID ANATOMY 
pointed out that certain ulcers, especially PORE 
those on the anterior wall of the duodenum, The morbid anatomic changes of duo- 


often failed to produce definite craters, denitis were confirmed microscopically in 
were not indurated, and could scarcely be 1924 by MacCarty, who found that it gave 
palpated through the bowel, if at all. A rise to cellular destruction, congestion, and 
crater might be represented by a minute edema together with migration of leuco- 
slit or dimple in the mucosa, or the entire cytes, lymphocytes, and endothelial leuco- 
infammatory area might resemble a““moth- cytes. Earlier in the same year Konjetzny 
eaten patch.” Later, in a series of papers, had affirmed that in all of 22 cases of duo- 
Judd more specifically classified duodenal denal ulcer in which the morbid anatomy 
ulcerations in two varieties: First, the true was studied, the ulcers were associated 
ulcer, which is characterized by a definite with chronic gastritis and duodenitis. From 
crater, an indurated border which is pal- this he inferred that duodenitis is an ante- 
pable, and hyperemia and stippling of the cedent of duodenal ulcer, and in ensuing 


* Read be“ore the American Congress of Radiology, Chicago, II!., Sept. 26 


30, 1933- 
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papers he vigorously reafirmed this hy- 
pothesis. This view has been endorsed by 
Nagel, but opposed by Hauser, Biichner 
and Knétzke, and Radecke. 

Wellbrock has studied the histopathol- 
ogy of duodenitis in more than 200 excised 
specimens comprising instances of simple 
duodenitis, duodenitis associated with ul- 
ceration or erosion, chronic duodenitis, and 
healed, ulcerated duodenitis. He found 
that in mild cases the mucosa is infiltrated 
with a few leucocytes and an occasional 
polymorphonuclear leucocyte. In addition, 
there is some congestion of the capillaries, 
moderate hyperplasia of Brunner’s glands, 
and in certain instances slight thickening, 
with diffuse fibrosis of the tunica muscu- 
laris. In the more advanced, chronic cases 
these elements are accentuated, plasma 
cells and eosinophiles are added, the blood 
vessels are sclerotic, and small erosions of 
the mucosa with adherent mucus and 
débris may occur. Despite the increase of 
fibrous tissue the musculature is not dis- 
torted. Inasmuch as similar changes occur 
in the development of ulcer, Wellbrock ex- 
pressed the belief that there is a relation- 
ship between duodenitis and duodenal ul- 
cer. Of interest in connection with the 
etiology is a case of duodenitis reported by 
Rivers, in which cultures from remaining 
root tips of the patient’s teeth were injected 
intravenously into animals, and duodenitis 
developed in all within twenty-four hours. 

Obviously, the relation between duoden- 
itis and duodenal ulcer, and the causes of 
both, have not been conclusively deter- 
mined. However, whether simple duoden- 
itis is an early stage of ulcer or an unrelated 
entity, distinction between them is never- 
theless desirable in selecting appropriate 
therapeutic measures, and clinicians have 
shown interest in this phase. 

CLINICAL FEATURES 

Clinically, Judd was unable to discern 
any notable differences between the two 
types, for the symptoms seemed to be alike 
both in character and duration. At first he 
was inclined to believe that hemorrhage was 
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rarer and less severe in duodenitis than in 
ulcer, but later he encountered many cases 
of duodenitis in which bleeding was grave. 
Nagel, from a review of 26 cases, concluded 
that the clinical picture is identical with 
that of ulcer. Rivers , on reviewing the his- 
tories of 82 cases of duodenal ulcer with 
duodenitis, and 75 cases of nonulcerating 
duodenitis, found that when duodenitis is 
associated with ulceration the syndrome is 
characteristic of ulcer, but he was unable 
to formulate a syndrome of simple duoden 
itis. Rivers noted, however, that the pain 
of duodenitis is likely to be less definitely 
localized to a small area in the epigastrium 
than in cases of ulcer, and is often diffusely 
distributed over the right upper abdominal 
quadrant. Apparently, also, food and 
alkalies are not as efficacious in relieving 
the symptoms as in cases of ulcer. It is 
noteworthy that hemorrhage occurred in 
1s per cent of his cases, and was gross in 
12 per cent. Lipschutz, in a report of 1 


cases, stated that the typical syndrome of 


ulcer is frequently observed in duodenitis, 
making the two conditions indistinguish 
able clinically, although more recent cases 
of duodenitis display a syndrome which is 
rather vague and includes various neurotic 
manifestations. From a study of 47 cases 
in which the diagnosis was proved surgi 
cally, Hufford gained the impression that 


the symptoms are less severe than those of 


and come later after the meal. 
Twenty-six cases roentgenologically diag 
nosed as duodenitis but not verified by 
surgical exploration were thoroughly ana- 
lyzed by Miller. He found that the syndrome 
was not at all distinctive, but in most in- 
stances was that commonly associated with 
peptic ulcer. Sensenich arrived at the con- 
clusion that disturbance of duodenal mo- 
tility with or without duodenitis may give 
rise to symptoms simulating those of duo- 
denal ulcer, gallbladder disease, chronic 
appendicitis, or other gastrointestinal dis- 
ease. White admitted that inasmuch as 
hyperchlorhydria is the rule in duodenitis 
a clinical syndrome suggestive of ulcer is 
common, but he pointed out that the symp 


ulcer 
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toms are not constant, do not occur at fixed 
hours, and are often accompanied by vom- 
iting, which rarely occurs in cases of ulcer. 
From these citations it is apparent that 
despite certain occasional differences in de- 
gree or character of the symptoms and 
clinical distinction of duodenitis 
from peptic ulcer or even from other affec- 
tions is at present impracticable. 


signs, 


ROENTGENOLOGIC ASPECTS 


My first paper was based on 45 cases in 
which duodenitis had been proved by oper- 
ation to be present but had not previously 
been diagnosed, either clinically or roent- 
genologically. Krom a review of the roent- 
genologic data in these cases | offered the 
following as tentative criteria of duoden- 
itis: Irritability of the bulb as shown by 
rapid emptying and pronounced but un- 
stable deformity, indistinctness of the 
bulbar contour, absence of a marginal niche 
or central fleck indicative of a crater, and 
absence or rarity of gastric retention. As 
these signs had not been put to proof | 
warned that they were not presented as de- 
finitive but were offered chiefly as a stimu- 
lant to further study. Prior to my contri- 
bution, as I have learned recently, East- 
mond under the title of gastrointestinal in- 
fection had described briefly and without 
illustration certain roentgenologic manifes- 
tations of duodenitis. He said that quite 
commonly the bulbar shadow changes its 
form from time to time but never assumes 
the normal, and that along the side cor- 
responding to the lesser curvature minute 
craters, approximately the size of a match 
head, may be visible. Lipschutz’s 10 cases 
were characterized roentgenologically 
duodenal irritability and hypermotility, 
indistinctness of the bulbar shadow, and 

varied spastic phenomena. In Miller’s 26 
cases inconstant irregularity of the bulbar 
shadow was the prime roentgenologic fea- 
ture. Gastric retention occurred in only 3 
cases and in 2 of these was slight. Hyper- 
trophied gastric rugae were noted in 3 

cases. 

In order further to evaluate 


by 


the roent- 
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genologic manifestations of duodenitis, | 
have selected for analysis 32 cases observed 
at The Mayo Clinic from January 1, 1929 
to September, 1933. During this period a 
far greater number was listed under this 
heading in the files of the Clinic, but the 
cases I have were instances of 
simple duodenitis in which an associated 
ulcer or scar of an ulcer could rigidly be ex- 
cluded, and in which the pathologic diag- 
nosis was established by microscopic ex- 
amination of tissue. Except in 
minor particulars the roentgenologic phe- 
nomena observed in this series were identi- 
cal with those described in my preliminary 
paper and were in substantial agreement 
with those reported by other investigators. 
Krom this aggregate experience the roent- 
genologic characteristics of duodenitis can 
therefore be stated again and with greater 
confidence as follows: 


chosen 


exsected 


Kirst in importance among the signs 1s 
abnormally increased irritability of the duo- 
denum, although this varies considerably 
in degree (Fig. 1). Logically it should be in 
direct ratio to the intensity and extent of 
the duodenitis, and in certain cases of my 
series such relationship seemed evident. In 
typical instances the hyperirritability is 
manifested in intense spasticity and hyper- 
motility of the duodenum. The barium 
races through so rapidly that there 1s scant 
opportunity the shadow. The 
bulb frequently is small and grossly de- 
formed both on its mesial and lateral bor- 
ders, and the configuration of the deformity 
varies quickly from moment to moment. 
Further, the bulbar shadow lacks the den- 
sity commonly seen in cases of frank ulcer; 
it is thin and indistinct, and its margins are 
hazy (Fig. 2). 

A second characteristic is the mucosal 
pattern which is coarsely and irregularly 
reticular, and is depicted as translucent 
islets lying in a denser network (Figs. 3 and 
4). This appearance is perhaps attributable 
to puckering of the mucosa by spastic con- 
tractions of its muscularis. 

A third characteristic of simple duoden- 
itis is the of ulcer crater. 


to inspect 


absence an 
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Fic. 1, a, 6 and c. Bulbar deformity, the configuration of which changed from moment to moment during 
roentgenoscopic observation. Roentgen diagnosis: Duodenitis. Pathologic diagnosis: Duodenitis with 


hemorrhagic periduodenitis. 


Neither marginal niche nor persistent cen- 
tral fleck can be seen. 

Finally, uncomplicated duodenitis is 
marked almost invariably by absence of 
gastric retention or other evidence of ob- 
struction, whereas such obstruction occurs 
in more than 25 per cent of cases of true 
ulcer. It is clear both from roentgenologic 
and pathologic studies that duodenitis 
does not tend to produce organic stenosis. 
Obstruction was absent in all of the 32 
cases of the present series. Among the 45 
cases of my first series, one case of obstruc- 
tion was noted, but this was assigned to ac- 


companying hypertrophy of the pyloric 
muscle. However, such hypertrophy in 
adults seldom produces gastric retention. 
In passing, it may be mentioned that hy 
pertrophy of the pyloric muscle was found 
in 2 cases of the present series. 

Completing the typical roentgenologic 
syndrome of duodenitis is a small, hyper 
tonic stomach with active, sometimes dis 
ordered, peristalsis. Like most secondary 
manifestations, these are not significant ex 
cept when conjoined with direct signs. It 
may be that the stomach participates re 


flexly or directly in the hyperirritability of 


a 


Fic. 2, a and 4. Small deformed bulb with indistinct margins characteristic of duodenitis. The roentgen 


b 


diagnosis was confirmed by the pathologist. 
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Kic. 3, a4, 6and c. Coarsely reticular bulbar shadow which changed constantly in size and contour. Roentgen 
diagnosis: Diffuse duodenitis. Pathologic diagnosis: Chronic duodenitis. 


the duodenum, and Konjetzny® has found 
duodenitis and gastritis in common associa- 
tion, but gastritis was not noted by the 
surgeon in any of the 32 cases of duodenitis. 

Like all roentgenologic signs, the fore- 
going marks of duodenitis vary in empha- 
sis, and only a minority of cases is so typi- 
cal that the diagnosis is obvious. Thus, 
among the 32 cases, only 8 were definitely 
diagnosed as duodenitis, 4 were deemed 
negative, and a diagnosis of duodenal ulcer 
was returned in 20. It is noteworthy that 
among the 4 cases reported as negative the 
duodenitis was localized to a small area in 


2 cases. For almost two decades de- 
formity of the bulb has been recognized as 
a reliable sign of duodenal ulcer, and this 
fact probably affected the judgment of the 
examiner in some of the cases so reported 
On the films of certain cases in this group 
the bulbar deformity was apparently rather 
stable, for the bulbar shadow was dense and 
sharply defined, so the errors may have 
been unavoidable (Fig. 5). It is unlikely 
that indolent, mild, chronic duodenitis 
would give rise to an active, fluctuating 
spasm, and in certain cases of this group 
the duodenitis was chronic. 


a 


Fic. 4, a. Bulbar deformity typical of duodenitis; 4, same case fifteen months later, spastic manifestations 
more pronounced. Roentgen diagnosis at both examinations: Duodenitis, verified by pathologic examina- 


tion. 


F 
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Fic. 5. Constant spastic deformity of the duodenal bulb. Roentgen diagnosis: Duodenal ul 
At operation a diffuse duodenitis without a true peptic ulcer was found. 


In the 8 cases diagnosed roentgenologi- 
cally and verified macroscopically and 
microscopically operation was performed, 
not merely on the basis of the roentgeno- 


logic diagnosis, but because severity of 


symptoms warranted exploration. In this 
subgroup the symptoms also were of un- 
usually long duration, with an average of 


more than seven years, and in 3 cases 


hemorrhage was a feature. During the pe 
riod covered by the series, 92 roentgenologic 
diagnoses of duodenitis have been offered, 
including the 8 proved by operation. As 
suming that the diagnoses in the cases in 
which operation was not performed were 
generally compatible with the clinical facts, 
the low ratio of operations is in consonance 


with the clinical opinion that ordinarily 


Fic. 6, a, band c. Marked spastic deformity with some reticulation of the bulbar shadow; this was associated 
with a central niche, shown in a and 4. Roentgen diagnosis: Duodenal ulcer with diffuse duodenitis, veri 


fied by operation. 
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medical care is preferable for duodenitis. 
While the diagnostic successes in the proved 
series may not seem brilliant, they are at 
least encouraging, and I believe that with 
further experience they can be increased. 
In several cases in which frank ulcer was 
associated with duodenitis I have been able 
to identify both lesions at roentgen exami- 
nation. In these instances the crater of the 
ulcer could be brought to view, and the 
rapidly changing extraordinary deformity, 
which is the essential characteristic of duo- 
denitis, was also present (Fig. 6). Certainly 
there were many more cases of ulcer, plus 
duodenitis, in which the combination was 


not discovered, but I am confident that 
further cultivation of this field will be 
profitable. 
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The direction of progress in roentgen- 
ology is not only toward the diagnosis of 
diseases which have hitherto escaped dem- 
onstration by roentgenologic methods but 
also toward a more complete revelation of 
morbid anatomic changes in readily demon- 
strable diseases; such a revelation would be 
comparable to that afforded by direct in- 
spection of the lesion. Both aims are ap- 
plicable to study of the duodenum, and it 
is not unreasonable to expect that eventu- 
ally the roentgenologist will be able not 
only to identify active ulcers, scars of ulcer, 
duodenitis, and their various combinations, 
but also to determine their exact extent. If 
and when these distinctions become consist- 
ently practicable, the treatment of duodenal 
lesions will be proportionately advanced. 
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ROENTGEN DIAGNOSIS OF CORONARY DISEASE* 


By GEORGE LEVENE, M.D., FRANK E. WHEATLEY, M.D. 


, and HELEN MATTHEWS, M.S. 


BOSTON, MASSACHUSETTS 


YORONARY disease is one of the more 
4 common manifestations of senile in- 
volution. Indeed, its occurrence is so fre- 
quent as to suggest that part of the changes, 
at least, are physiological rather than path- 
ological. Its clinical importance, however, 


RIGHT CORONARY ARTERY 


ANTERIOR VENTRICULAR 
BRANCH 


RIGHT MARGINAL BRANCH 


interventricular sulcus supplying both ven- 
tricles and anastomosing with the interven- 
tricular branch of the left coronary artery. 

The left coronary artery runs between 
the root of the pulmonary artery and the 
left auricle to the coronary sulcus at the 


CIRCUMF EX BRANCH 


Kic. 1. The coronary arteries (after Cunningham). Note that the circumflex branch 
of the left coronary artery (which is the one most commonly thrombosed) sup 
plies the lateral border and apex of the left ventricle. 


depends upon its impairment of cardiac 
function which may be of long duration 
and, by virtue of the induced secondary 
changes, produce sudden death. 

The coronary arteries' arise from the 
aorta: the right, from the anterior, the left, 
from the posterior aortic sinus. 

The right coronary artery (Fig. 1) runs 
between the root of the pulmonary artery 
and the right auricle to the coronary sulcus, 
in which, passing to the right, it encircles 
the heart until it reaches the posterior end 
of the inferior interventricular sulcus, where 
it gives off the right interventricular branch 
and ends by anastomosing with the circum- 
flex branch of the left coronary artery. The 
interventricular branch runs forward in the 


upper end of the anterior interventricular 
groove and divides into two branches. The 
anterior decending branch runs down the 
interventricular sulcus to the apex of the 
heart, supplying both ventricles and anas- 
tomosing with the interventricular branch 
of the right coronary artery. The circum- 
flex branch runs to the left of the heart, 
supplying the left auricle, the left margin 
of the heart and the posterior part of the 
inferior surface of the left ventricle. It ends 
by anastomosing with the right coronary 
artery. 

Coronary disease?:* is insidious in its on- 
set. The changes, which frequently are as- 
sociated with similar processes in the aorta 
and other arterial systems, consist, at first, 


* From the Department of Roentgenology, Evans Memorial for Clinical Research and Preventive Medicine, Massachusetts 


Memorial Hospitals, Boston. 
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of a thickening of the internal coat by end- 
arteritis. Subsequently, the middle and ex- 
ternal coats become involved. The patho- 
logical changes may attack all of the coro- 
nary vessels, or they may be confined to 
only one portion of a single artery. The 
left circumflex branch 1s the one most fre- 
quently and extensively involved. 

With the formation of a thrombus on the 
internal coat, the blood supply to the por- 
tion of the heart supplied by the diseased 
vessel becomes seriously impaired. The 
myocardium in this area becomes at first 
edematous. Soon, the muscle fibers de- 
generate and there is an area of localized 
anemia. In time, an anemic infarct is pro- 
duced (Fig. 2). If the infarct should be- 
come absorbed, the myocardium is left 
thin and bulging, predisposing to the for- 
mation of cardiac aneurysm (Figs. 3 and 4). 


Fig. 2. Photograph showing an area of infarction in 
the wall of the left ventricle (sectioned). The in- 
farct is the dark portion indicated by arrows. 


(Courtesy of Dr. C. F. 


Branch, Boston Uni- 
versity School of Medicine.) 


Roentgen Diagnosis of Coronary Disease 


Fic. 3. Photograph showing an aneurysm of the left 
ventricle, seen from behind (arrow). (Courtesy 
of Dr. C. F. Branch, Boston University School of 
Medicine.) 


Roentgen manifestations of coronary dis- 
ease are gross visual evidence of its path- 
ological physiology. 

The left contour of the heart is formed by 
the wall of the left ventricle. The convex 
curve of this portion of the heart is due to 
two factors: first, a thickening of the left 
ventricular myocardium which is most 
marked at the point of greatest curve; sec- 
ond, the tone of the heart muscle, which 
gives to this portion of the heart its rounded 
border, much as a contracted biceps muscle 
produces a prominent convexity. It be- 
comes apparent, therefore, that deficien- 
cies of cardiac tone may be associated with 
alterations of contour which should be rec- 
ognizable on the roentgenogram. 

The thickness of the left ventricular my- 
ocardium* is measured fairly approximately 
by the length of its bisector (Fig. 5). Norm- 
ally, this value is between 8-10 millimeters. 

In ventricular hypertrophy the measure- 
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Kic. 4. Roentgenogram of same case as Figure 3. The 
aneurysm is indicated by arrow. Note the contour 
of the left border of the heart which is typical of 
impaired myocardium. Compare with Figure 6. 


ment of the bisector increases. This change 
is likewise observed in cases of increased 
tone. 

The bisector may be regarded as a meas- 
urement of the summation of two factors 
the thickness and tone of the left ventricle. 
A diminution of myocardial tone would 
therefore necessarily reduce the value of 
the left ventricular bisector. 

The typical picture of myocardial im- 
pairment produced by coronary disease 
shows the left border of the heart to be 
straight or concave, instead of convex. The 
bisector is small. The right and left median 
diameters lie almost in the same plane and 
close to the diaphragm. The heart appears 
to be “‘sagged”’ (Fig. 6). 

The changes observed on the film are as- 
sociated with characteristic roentgeno- 
scopic manifestations (Fig. 7). The ampli- 
tude of cardiac contractions is greatly 
diminished.‘ The type of contraction is typi- 
cal of an impaired myocardium, and is the 
determining factor in differentiating other 
cardiopathies (as the thyrotoxic heart) 
(Figs. 8 and 9), which produce alterations 


of cardiac contour simulating the appear- 
ance of the heart in myocardial impairment 
produced by coronary thrombosis. 

When coronary thrombosis has _ been 
present long enough to produce an infarct, 
further myocardial impairment results. The 
portion of the heart most frequently in- 
volved is the area supplied by the circum- 
flex coronary artery, so that the most com- 
mon site of infarction is the wall of the left 
ventricle near the apex. 

The roentgenogram in cases of cardiac 
infarction (Fig. 10) shows no changes other 
than those observed in coronary throm- 
bosis. Roentgenoscopically, however, in ad- 
dition to a diminished amplitude of cardiac 
contractions, one usually observes that she 
force of ventricular contractions 1s even weaker 
than the force of auricular contractions (Fig. 
11). 

In cases of coronary thrombosis with an 
antecedent history of chronic hypertension, 
it may at first be difficult to reconcile our 
description of the heart shadow with what 
is seen on the roentgenogram. Careful anal- 
ysis, however, will not only clarify the diag- 
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Fic. 5. The thickness of the left ventricle is measured 
by the length of its bisector (indicated by arrow). 
This thickness is due to the amount and tone of 
the heart muscle. 
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Fic. 6. The typical appearance of the heart in coro- 
nary thrombosis. The bisector is small, due to loss 
of tone, the median diameters lie close to the dia- 
phragm and the heart appears to sag. 


nosis but will usually reveal a state of pre- 
vious hypertension even though the blood 
pressure may be normal at the time of ex- 
amination. 

The characteristic appearance of the 
heart in chronic hypertension consists of a 
thickening of the wall of the left ventricle 


with a consequent increase in the value of 


its bisector, and, not infrequently, a func- 
tional mitral insufficiency.’ 
When coronary thrombosis or cardiac 


infarction ensues, important dynamic 
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7. Schematic representation of the roentgeno- 
scopic appearance of the heart in coronary throm- 
bosis. Solid curves indicate contractions of the 
auricle; dotted curves indicate contractions of the 
ventricle. The amplitude or force of these contrac- 
tions is shown by their height from the base line. 


Upper line normal; lower line coronary throm- 
bosis. 
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Fic. 8. Typical appearance of thyrotoxic heart. Note 
how left border simulates the contour of heart in 
coronary disease (compare with Figs. 4 and 6). 


changes are produced which have but little 
influence on the gross appearance of the 
heart. Thus, the roentgenogram shows 
thickening and more or less dilatation of 
the left ventricle, lasting evidence of 
chronic hypertension. While the bisector 
is smaller than it was before the onset of 
thrombosis, it nevertheless is usually above 
the normal value (Fig. 12). Roentgeno- 
scopically, however, instead of the vigorous 
contractions usually seen in hypertension, 
the amplitude of contractions is greatly 
diminished. These observations therefore 
permit the conclusion that there had for- 
merly been hypertension, that coronary 
thrombosis (with or without cardiac in- 
farction) now exists, impairing the tone of 


Fic. g Schematic representation of the roentgeno- 
scopic appearance of the heart in thyrotoxicosis. 
Upper line normal; lower line thyrotoxic heart. 
The latter is characterized by an increase in am- 
plitude of its contractions. 


4 
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Fic. 10. Appearance of heart in cardiac infarction. 


The general contour resembles that seen in coro- 
nary thrombosis. 


the myocardium, as a result of which the 
blood pressure would, of necessity, de- 
cline. 


SUMMARY AND CONCLUSIONS 


Roentgen diagnosis of coronary disease 
depends upon the recognition of changes 
in contour and function of the heart pro- 
duced by impairment of the myocardium. 

The roentgenogram shows a straight or 
concave left heart border and a small ven- 


Kic. 11. Schematic representation of the roentgeno 
scopic appearance of the heart in cardiac infarc- 
tion. Upper line normal; lower line infarction of 
left ventricle. The amplitude of ventricular con- 
tractions is less than that of the auricle. 


George Levene, Frank E. Wheatley, and Helen Matthews 


May, 1934 


tricular bisector. The right and left median 
diameters are almost in the same plane, 
close to the diaphragm and the heart ap 
pears to “‘sag.”’ 


Roentgenoscopically, the amplitude of 


cardiac contractions is greatly diminished. 
When infarction has occurred in the wall 
of the left ventricle, the amplitude of ven- 


tricular contractions is less than that of 


auricular contractions. 


Kic. 12. Coronary thrombosis following chronic hy 
pertension. The typical roentgenographic appear 
ance of myocardial impairment (see Figs. 4 and 6 
is lacking. This is due to excessive ventricular 
hypertrophy resulting from hypertension. The 
bulging left ventricle of hypertension, however, 
is replaced by a flattening of its contour. Roent 
genoscopically, cardiac contra¢tions are typical 
of an impaired myocardium (as in Fig. 


A pre-existing state of chronic hyper- 
tension shows a thickened and more or less 
dilated left ventricle, associated with the 
typical roentgenoscopic appearance of di- 
minished amplitude of cardiac contractions. 
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ROENTGEN EVIDENCE OF EXTENSIVE CALCIFICATION 
OF THE KIDNEYS IN OSTEITIS FIBROSA CYSTICA* 


By ALICE ETTINGER, M.D., and HEINZ MAGENDANTZ, M.D. 


BOSTON, MASSACHUSETTS 


ESIONS of the kidneys and the urinary 

4 tract in cases of osteitis fibrosa cystica 
have frequently been reported; especially 
is the occurrence of renal calculi well known 
in this disease. In 1931 Hunter and Turn- 
bull? collected 32 cases of generalized oste- 
itis fibrosa, in which an adenoma of the 
parathyroid gland was demonstrated. Ten 
of these 32 cases had renal calculi. A num- 
ber of cases have been reported in which 
calcium metastases were found in different 
parts of the kidneys only at post mortem. 
Ask-Upmark'! reports a case in which cal- 
cium deposits in the kidney were proved at 
autopsy, and Barr and Bulger? found cal- 
cium metastases in the kidneys associated 
with large bilateral stones. Hoftheinz,’ 
Berner,’ and Gaugele* report similar find- 
ings. These calcium metastases are situated 
chiefly in the cells and in the lumina of the 
convoluted and collecting tubules. They 
are also found in the basal membranes of 
the glomeruli. Because of the small size of 
the calcium deposits in the kidneys, they 
can rarely be visualized in living patients, 
although they can be well demonstrated in 
a roentgenogram of the isolated organ (Ask- 
Upmark’). 

The interesting feature of the case to be 
reported is that the roentgenogram showed 
the calcification of the kidneys in a very 
striking manner in a living patient. Cer- 


tain associated clinical features are also of 


interest. 
CASE REPORT 


J.C., white male, aged thirty-three, was ad- 
mitted to the Diagnostic Ward of the Boston 
Dispensary on March 6, 1933. His past history 
and family history were of no consequence. 
Only by direct questioning it was learned that 
the first symptoms which dated from January, 
1931, were polyuria and polydipsia. A few 
months later he began to lose weight and to 


* From the X-Ray Department and the Me 


Clinic of the Boston Dispensary, Dr. J. H. Pratt, Physi 
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suffer from pain in his left knee and shin after 
walking. Easy fatigability and weakness gradu- 
ally developed and he began to have almost 
constant headaches. Suddenly in January, 
1933, after an acute upper respiratory infection, 
the pain, which had spread to both legs from 
hips to toes, became so much worse that he was 
unable to work. For a few weeks before admis- 
sion to the hospital, he had to urinate almost 
every three hours during the day and night. He 
had to drink water twice during the night. He 
noticed no blood or pus in his urine. He lost 
about 32 pounds over a period of two years and 
his height decreased from 5 feet 6 inches to 5 
feet 5 inches. 

Physical Examination. Small, pale, under- 
nourished, sick looking man. There was slight 
pallor of the mucous membranes. The face 
showed no puffiness, nor was there any palpa- 
ble edema. The temperature was normal. 
Fundi: Normal. 

Tongue: Not remarkable. 

Neck: An indefinite, bean-sized mass palpated 
along the medial inferior aspect of the left lobe 
of the thyroid. 

lungs: Negative. 

Heart: Normal in size. There was a soft incon- 
stant systolic murmur over the apex and base. 
The orthodiagram was within normal limits ac- 
cording to Otten’s figures. The pulse was mod- 
erately full with rare extra systoles. Blood pres- 
sure varied between 115/80 and 125/80. 
Abdomen: Liver and spleen not palpable, nor 
any other masses felt. 

Rectal Examination: Negative. 

Skeleton: No signs of fractures, all joints freely 
movable. Slight tenderness on percussion over 
the right shin. No exostoses and no clubbed 
fingers. 

Nervous System: Reflexes equal and active on 
both sides and no muscular hypotonia. No ab- 
normal reflexes, sensory changes, or ataxia 

Laboratory Findings. Gastric analysis showed 
a histamine refractive achlorhydria, very little 
secretion, but many leucocytes in the fasting 
contents. (These findings might be due to calci- 
fication of the gastric mucosa, such as has been 
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reported by Barr and Bulger? and Jaffe and col- 
laborators.*) 

Stool specimens after meat-free diet were 
once negative and twice positive by the benzi- 
dine and guaiac tests for occult blood. 

Basal metabolic rate was minus 6.3 per cent. 

Blood: Hemoglobin 60 per cent (Sahli), 
erythrocytes 3.2 millions per c.mm.; leucocytes 
6,100 per cu.mm.; band forms 1 per cent; 
polymorphonuclear leucocytes 58 per cent; 
eosinophiles 1 per cent; basophiles 2 per cent; 
lymphocytes 35 per cent; monocytes 3 per cent. 
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Non-protein nitrogen, 44.7 mg. in 100 c.c. of 
blood. Urea 18.1 mg. in 100 c.c. of blood. 
Sodium chloride 492 mg. in 100 c.c. of serum. 

Because of the pains in the legs a roentgen 
examination of the pelvis was ordered which re 
vealed the diagnosis (see Fig. 2). 

Roentgen Report. Pelvis and lumbar spine 
show extensive osteoporosis with areas sugges 
tive of beginning cyst formation. Fine hazy 
nodular califications symmetrically placed ap- 
parently situated in both kidneys. These find- 
ings suggest osteitis fibrosa cystica of von 
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Fic. 1. Dilution and concentration test after intake of 1,000 c.c. of water. 


Moderate anisocytosis and achromia. Blood 
sedimentation rate was 62 mm. in one hour. 

Urine: clear, light yellow, slightly acid to 
neutral, specific gravity 1.010; albumin, slight 
trace; no Bence-Jones protein; sugar negative; 
sediment—many leucocytes (about 10 in every 
field), a few red blood casts, hyaline casts, 
granular casts and occasionally a red blood cor- 
puscle. 

The dilution and concentration test of kidney 
function gave results as shown in Figure 1. The 
excretion of phenolsulphonphthalein in the 
first hour after intravenous injection was 12.5 
per cent, in the second hour 25 per cent. Urea 
clearance test showed 42.0 and 36.9 c.c. of blood 
cleared from urea in one hour. 


Recklinghausen, and therefore kidney and skull 
films will be made. 

Roentgenogram of the kidneys (Fig. 3) shows 
innumerable areas of increased density each 
about the size of a millet-seed lying in wedge 
shaped forms, conforming to the outlines of the 
kidney pyramids. The skull (Fig. 4) shows a 
mottled appearance due to small areas of de 
creased and increased density. The calcium 
content of the skull seems markedly decreased. 
Apparently the lower jaw and all the bones of 
the face are involved in the osteoporotic proc- 
ess. The rest of the long bones showed the 
same findings in varying degrees. There was no 
evidence of calcification in the lungs. 

Diagnosis. Osteitis fibrosa cystica with ex- 
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ig. 2. Osteoporosis in pelvis and lumbar spine. Fine, 
hazy, nodular calcifications in both kidneys. 


tensive calcification of the parenchyma of the 
kidneys. 
The following confirmatory 


findings were 
then obtained: 


Fic. 3. Calcifications of the kidneys in wedge-shaped 
form, conforming to the outline of the kidney 
pyramids. 


Calcification of the Kidneys in Osteitis Fibrosa Cystica 


Calcium 16.9 mg. per 100 c.c. of serum. Phos- 
phorus, 3.0 mg. per 100 c.c. of serum. (We are 
indebted to Dr. W. Bauer of the Massachusetts 
General Hospital for these examinations.) 

At the suggestion of Dr. H. E. MacMahon, 
professor of pathology at Tufts Medical School, 
a special examination of the urinary sediment 
was made which showed the following: 

Urine Sediment—Stained with silver nitrate, 
shows calcium in fine and coarse granules, free 
and impregnating necrotic cells. Stained with 
hematoxylin and eosin it shows many polymor- 
phonuclear leucocytes, cellular casts, few red 
blood cells, and calcium as granules and coarse 
tangled threads. 


Fic. 4. The skull shows a mottled appearance due to 
small areas of decreased and increased density. 


The patient was transferred to the Massa- 
chusetts General Hospital, Boston. At opera- 
tion Dr. E. D. Churchill removed a bean-sized 
parathyroid adenoma from the left side of the 
neck. The patient made a good recovery. 

Further reports of the patient’s condition 
will be given by Dr. W. Bauer of the Massa- 
chusetts General Hospital at a later date. 


DISCUSSION 


We may assume, from the roentgen ex- 
amination, that most of the calcium meta- 
stases are situated in the region of the col- 
lecting tubules. The autopsy findings, 
which have been reported in the literature 
would seem to support this opinion. In this 
connection the experiments of Hueper® 
and Jaffe, Bodansky and Blair® are of in- 
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terest. They found in dogs which were 
poisoned with parathyroid hormone no mac- 
roscopic, but extensive microscopic areas 
of calcification. Calcium was found in the 
epithelium and the basal membranes of the 
convoluted tubules of the kidneys, in the 
epithelium and lumen of the collecting tu- 
bules and in the membranes of Bowman’s 
capsules. 

The urinary findings in our case were 
chiefly as follows: polyuria, hyposthenuria, 
albuminuria, many leucocytes, hyaline and 
granular casts in the sediment and also cal- 
cium impregnated cells, diminished urea 
clearance and phenolsulphonphthalein ex- 
cretion. However, no retinal changes and 
no nitrogen retention in the blood were 
present, neither was there hypertension or 
edema. These findings together with the 
roentgen picture demonstrate the peculli- 
arity of this kind of hematogenous kidney 
lesion, which does not fall into the known 
forms of Bright’s disease. 

The initial polyuria is generally believed 
to be caused by the high calcium output 
through the kidneys. According to Ask- 
Upmark and other authors, it may be the 
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expression of a diuretic effect of the para- 
thyroid hormone, but others claim that 
polyuria in osteitis fibrosa cystica is a true 
diabetes insipidus. However, there is very 
little evidence for the latter opinion. That 
the hyperparathyroidism is really the 
cause of the polyuria, whatever its mecha- 
nism may be, is proved by the fact that re 
moval of the tumor has been observed in 
several cases to be promptly followed by 
the disappearance of polydipsia and poly- 
uria. 


SUMMARY 


1. A case of osteitis fibrosa cystica is 
presented in which an early diagnosis was 
possible before clinical evidence of bony 
changes was obvious. 

2. There was roentgen evidence of ex- 
tensive parenchymatous calcification of 
both kidneys. 

3. The clinical findings in the kidney 
were those of a peculiar form of hematog- 
enous kidney disease. 

4. The diagnosis of parathyroid adenoma 
was proved by operation and the tumor 
successfully removed. 
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THE ROENTGEN RAY AS AN AID IN THE 
DIAGNOSIS OF HEMOPHILIA* 


By EDWIN L. RYPINS, M.D. 


IOWA CITY, IOWA 


have apparently been 
known of for centuries. Albucasis, in 
1590, reported that in a certain village 
were men, who, when wounded, suffered 
uncontrollable hemorrhages which caused 
death. The disease was first recognized as 
a clinical entity in 1803 when Dr. John C. 
Otto published an account of a hemorrhagic 
condition existing in certain families.‘ 
Hemophilia is supposed to be a recessive 
characteristic, and females should be af- 
fected in proportion of one female to two 
hundred males who have the disease. In 
1820 Masse stated, ‘“‘Men alone are subject 
to hemophilia, and the disease is trans- 
mitted by normal females by their marriage 
to normal males’ (Witts™). Kugelmass!” 
makes the same type of statement, and 
adds, “It may be dormant from any gen- 
eration, only to reappear in a remote male 
descendant.”’ Also, that it is the most herit- 
able of the hereditary diseases. It is in- 
teresting that no definite evidence has ever 
been gathered to show that true hemophilia 
is ever observed in 
Wehefritz’). 
The diagnosis of hemophilia is presented 
in standard texts of medicine. An excellent 


article on the subject is one by 
10 


women (Bauer and 


Kugel- 
in which he states, “Prolonged clot- 
ting time alone is never pathognomonic of 
hemophilia.” He does not feel that hemo- 
philia is a very common disorder, while 
‘“‘bleeders” are. In this respect he quotes 
Bulloch and Fildes of the London Eugenic 
Laboratory, who have been able to authen- 
ticate only 44 hemophilic families out of 
273 reported in a century of literature. 

| wish to present 3 cases of hemophilia, 
with comments on other cases in the litera- 
ture, which, in my opinion, all showed 
characteristic changes in the roentgeno 
grams. 


mass, 


Case 1. E. R., male, white, aged twenty-six. 
Admitted to the University Hospital, Novem- 
ber 2, the Medical Service of Dr. 
Fred M. Smith. Patient’s history dated from 
the age of four years, when he had had attacks 
of swelling and stiffness of joints, brought on 
by trauma. His nose had always bled extremely 
readily, and wounds of any type would bleed 
profusely. An uncle on his father’s side bled 
to death at the age of twenty-one. No other 
family history of bleeding could be obtained. 

Examination on entrance revealed legs some- 
what atrophied, both knees distorted in shape, 
swollen and flexed at an angle of 20°. 

Laboratory Data. Coagulation time was 
twelve minutes, and there was no retractability 
of the clot in four hours. Platelets, 0.6 per cent; 
red blood cells, 4,080,000; blood negative other- 
wise. Patient’s condition showed exacerbations 
and remissions. In February, 1931, he was put 
on ovarian extract, $ grains, t.i.d. by mouth. 
In January, 1933, patient was feeling well, 
having had no bleeding, except for two days 
of hematuria, and that not very recently. Ex- 
amination in January, 1933, showed some swell- 
ing of the left knee and tenderness, but prac- 
tically no loss of function. 

Roentgen examination of both knees in 
November, 1929, revealed narrowing of the 


1929, on 


joint spaces, a marked proliferation of the 


lateral condyles of both femora and tibiae, with 
very marked widening and deepening of the 
intercondylar fossae of both knees. There was 
also sharpening of the intercondylar ridge of 
both tibiae. Roentgen examination of both el- 
bows showed marked flattening and enlarge- 
ment of the head of each radius. There were 
also suggestive arthritic changes (Figs. 1 and 
2). Roentgenograms made in January, 1933, 
showed no additional changes. 


Case 11. Male, white, aged twelve. Admitted, 
as a private patient of Dr. Arthur Steindler, 
to the University Hospital on September 5, 
1931, with history dating back two and one- 
half years, when he injured lower lip, which 
bled moderately but stopped spontaneously. 


* From the Department of Roentgenology, State University of Iowa. 
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Two days later lip bled spontaneously and was 
stopped by suturing and injections of serum. 
Since then any bruise would cause severe sub- 
cutaneous hemorrhages. Three years ago he 
bumped his left knee. The knee swelled and be- 
came flexed at a go° angle. Extension was ap- 
plied and the deformity quickly corrected. On 
examination, left knee could not be fully ex- 
tended, but could be flexed to 100°. There were 
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Case 1. Male, white, aged eleven. Admitted 
to University Hospital September 14, 1931, on 
the Pediatric Service of Dr. P. C. Jeans. At 
four months of age patient bruised very read 
ily. At the age of two years had frequent nose 
bleeds, lasting as long as three days. At three 


and one-half years had symptoms suggestive | 
of intermittent bleeding of joints. At the age 

of five vears had corrective treatment for con | 


Fic. 1. Case 1. Anteroposterior views of both elbows showing widening of the head of each radius. 


numerous subcutaneous discolorations of both 
lower and upper extremities. 

Clotting time varied from nine minutes to 
two and one-half hours. No other blood ex- 
amination done. No therapy given. 

Roentgen examination revealed a normal ap- 
pearing right knee, but marked changes in the 
left knee. Characteristically, there was widen- 
ing and deepening of the intercondylar fossa, 
some narrowing of the joint space, and marked 
osteoporosis of both the left femur and the left 
tibia. No evidence of any proliferation (see 
Kig. 3). 


tracted legs, and has been forced to use crutches 
ever since. No family history of bleeding. 

Examination revealed ecchymoses of both 
elbows, and both knees, extending down the 
legs. Both knees were limited in motion and 
painful. Coagulation time was forty minutes 
by Howe’s method. Clot retraction one and 
one-half hours; platelets, 270,¢ blood 
cells, 3,470,000. Was given ovarian extract. 
There was some improvement, as the coagu 
lation time dropped to fourteen minutes, by 
capillary method, but clot retraction was still 
one and one-half hours. 
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Roentgen examination on September 16, 
1931 (Fig. 4), showed marked changes in the 
left knee joint, characterized by some widen- 
ing and deepening of the intercondylar fossa, 
and osteoporosis of both the left femur and 
the left tibia. 

DISCUSSION 


A review of the reproductions of the 
roentgenograms shown in the article by 
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3 cases, and in all of these there is marked 


widening and deepening of the intercondy- 
lar fossa. 

An explanation for the widening and 
deepening of the intercondylar fossa in 
this condition is not so easy. We know that 
the blood supply in the knee joint enters at 
the intercondylar fossa. Klason considers 
that bleeding occurs at the point of attach- 


Fic. 2. Case 1. Anteroposterior views of both knees showing marked widening and deepening of the 
intercondylar fossae, with definite arthritic changes. 


Wilson and those by Key,* Heigl,® and 
Reinecke and Wohlwill’ also revealed 
marked widening and deepening of the in- 
tercondylar fossa, with arthritic changes 
in the remainder of the joint. These changes 
were noted by the above authors, except 
Wilson, and were stressed by Key, Reinecke 
and Wohlwill, and Klason.* Klason reports 


ments of the crucial ligaments, at the apex 
of the intercondylar fossa. It is known that 
bleeding causes bone deterioration, and it 
is conceivable that the pressure from the 
bleeding would cause erosion, at th‘s point, 
since at the apex of the intercondylar fossa 
there is no cartilage. However, Key® be- 
lieves that possibly intra-osseous hemor- 
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rhage plays an important part. Although 
the pressure idea is an exceedingly simple 
explanation, we do not see why other et- 
fusions, chronic in nature, could not bring 
about the same condition. While in tuber- 
culosis of the knee joint there may be some 
widening and deepeningof theintercondylar 
fossa, yet it does not reach the extent that 
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leucocytes and macrophages, although the 
tissues return to normal in six days. How 
ever, repeated injections of blood would 
cause markedly thickened synovial mem. 
brane. 

As Fisher® has pointed out, the lateral 
part of the articular cartilage is better 
nourished than the central part. Thus, it 


Fic. 3. Case 1. Anteroposterior views of both knees showing osteoporosis of the right femur and tibia, 
with widening and deepening of the left intercondylar fossa. 


it does in hemophilia, and there is apt to be 

more destruction of cartilage. 
Proliferative changes are readily ex- 

plained by the receding hemorrhages. Key’ 


has well demonstrated that injection of 


blood into a normal knee joint causes mild 
proliferation of the synovial lining cells and 
infiltration of the subsynovial tissue with 


is possible to produce, experimentally, a 
traumatic form of osteoarthritis, by the 
simple expedient of removing the central 
part of the articular cartilage, whereupon 
compensatory proliferation of the better 
nourished lateral area occurs, producing 
characteristic lipping. This could be used 
to explain changes following the destruc- 
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tion of the central portion of the cartilage 
as a result of pressure from the effusion. 

Since trauma is supposed to be the excit- 
ing cause of the hemorrhages, the knee joint 
is the most logical to study, as it, of course, 
is more exposed to trauma, and apt to show 
the more advanced changes. 


DIFFERENTIAL DIAGNOSIS 


Tuberculosis of the knee joint is apt to 
cause far more destruction and practically 
no proliferation (Baetjer and Waters’). 


Diagnosis of Hemophilia 
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we observed, there is apparently no pro- 
liferation. 

The hereditary history and the ordinary 
laboratory findings would, of course, tend 
to rule out other conditions. 

Klason® considers the enlargement and 
widening of the intercondylar fossa as being 
an especially distinct feature of hemophilia. 


TREATMENT 


Ovarian extract has apparently given ex- 
cellent results (Birch*) and in the one case 


Fic. 4. Case 111. Anteroposterior views of both knees showing csteoporosis of the left femur and tibia, 
with widening and some deepening of the left intercondylar fossa. 


Purpura hemorrhagica sometimes causes 
bleeding into the knee joint, but apparently 
does not cause enough bleeding to bring 
about changes demonstrable in the roent- 
genogram. 

Low-grade infectious arthritis may cause 
widening and deepening of the intercondy- 
lar fossa, although not commonly, but in 
this type of condition, in the cases which 


of ours, in which it has been used, the pa- 
tient has done remarkably well. It is in- 
teresting to note that Minot and Lee" quote 
Heuffer, who reports that irradiation of 
the spleen has given some temporary bene- 
fit, on the basis that thrombokinase has 
been liberated. 
SUMMARY 


1. Three cases of hemophilia are report- 
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ed; all show definite changes in knee joints. 


2. We believe that widening and deep- 
ening of the intercondylar fossa, with or 


without arthritic changes in the knee joint, 
in a member of the male sex is character 
istic of hemophilia. 
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DIVERTICULUM OF THE GALLBLADDER* 


By JACOB H. VASTINE, M.D. 


PHILADELPHIA, 


IVERTICULUM of the gallbladder is 

not an uncommon finding at opera- 
tion or autopsy. Courvoisier, Staub, Kehr, 
Dévé, Weltz, Deaver and Ashhurst, Schach- 
ner, Sebening and Schéndube, Abbott, and 
others, have reported the condition. Rol- 
leston and McNee have discussed the sub- 
ject in their recent book. In spite of the 
relative frequency of its occurrence, a pre- 
operative diagnosis of diverticulum of the 
gallbladder is rarely made. Barsony, in 
1927, and, Barsony and von Friedrich, in 
1928, reported a case of diverticulum of 
the gallbladder in which the diagnosis made 
by cholecystography was confirmed at oper- 
ation. They stated that, according to their 
knowledge, there had not been a similar 
case reported in which a diagnosis of di- 
verticulum had been made by cholecystog- 
raphy and had been confirmed. 

The etiology of this condition is uncer- 
tain. Rolleston and McNee suggest ulcera- 
tion with consequent weakening of the 
wall as a possible causative agent. Cour- 
voisier reported a diverticulum which was 
apparently due to traction. That diver- 
ticula of the gallbladder are congenital is 
remotely possible. Schachner classed them 
as congenital anomalies. Sebening and 
Schéndube reported a diverticulum of the 
gallbladder of sufficient size to interfere 
with emptying of the stomach. Deaver and 
Ashhurst reported a diverticulum of the 
gallbladder large enough to press on the 
common duct and cause obstructive jaun- 
dice. Rokitansky, in 1842, first described 
“small, saccular dilatations of the biliary 
mucous membrane” in which ‘“‘small cal- 
culi are occasionally found and which may 
appear to lie external to the cavity of the 
gallbladder.’ Halpert has fully discussed 
these hernia-like outpouchings of the gall- 
bladder mucosa. They are generally about 
the size of a millet seed or hemp seed and 
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usually occur in large numbers. That one 
of these “‘Rokitansky pouches” enlarges 
and is the beginning of a diverticulum is 
not beyond the realm of possibility. Nu- 
merous Rokitansky-Aschoff sinuses”’ were 
reported by Dr. Helen Ingelby in one of 
the cases here presented and these are sug- 
gested as a possible etiological factor. 


CASE REPORTS 


Two cases are here presented in which 
the diagnosis of diverticulum of the gall- 
bladder was made. 


Case 1. Mrs. A. J., white, aged thirty-eight, 
was referred to the Women’s College Hospital 
for cholecystography by Dr. Mary M. Spears. 
Her chief complaints were distress in the epi- 
gastrium and right hypochondrium following 
the ingestion of food. There was no nausea nor 
vomiting. She was slightly constipated and had 
considerable flatulence. Her present illness be- 
gan a year previous to admission. Her past 
history and family history are irrelevant. Phys- 
ical examination revealed definite tenderness 
in the epigastrium and right hypochondrium. 
There were no other significant findings upon 
physical examination. Dr. Spears diagnosed bili- 
ary infection by transduodenal gallbladder 
drainage. Roentgen examination of the gastro- 
intestinal tract was essentially negative. 

The report on the gallbladder is as follows: 
“Intravenous cholecystograms show a dense 
homogeneous gallbladder shadow at sixteen 
hours after the administration of the opaque 
salt. There is a single positive shadow adjoining 
the fundus of the gallbladder approximately 1 
cm. in diameter which is characteristic in ap- 
pearance of a gallstone. There is an indentation 
of the fundus of the gallbladder adjoining this 
calculus and it is probable that the calculus is 
in a diverticulum from the fundus of the gall- 
bladder.” (Fig. 1.) 

A cholecystectomy was performed by Dr. J. 
Stewart Rodman and the pathological report 
of the removed gallbladder is as follows: “The 


specimen (Fig. 2) consists of a gallbladder 7 


* Read before the Philadelphia Roentgen Ray Society, January 28, 1933. 


603 


604 


cm. long and 1.§ cm. in diamerer. The serosa 
is greenish. The wall is thickened and granular 
and stained green. The portion of the cystic 
duct present is patent. In the fundus of the 
bladder there is an outpouching 1.3 cm. in 
diameter, the wall of which is thinned out. The 
stone is 1.0 cm. in diameter and is black and 
roughened. Microscopic: The villi are short and 
thick. There are many outpouchings of the mu- 
cosa between the muscle bundles of the midde coat: 
‘Rokitansky-Aschoff sinuses. Many of the 
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of which is a little fat. No muscular fibers are 
present in the thin wall of the pouch’—Dr. 
Helen Ingelby. 

It is interesting to note in the pathologi- 
cal report that there were many outpouch- 
ings of the mucosa between the muscle 
bundles of the middle coat. The possibility 
that one of these “‘Rokitansky-Aschoff 
sinuses” was a beginning of the diverticu- 
lum should be considered. Preoperative 


Fic. 1. Case 1. Diverticulum of the gallbladder containing a calculus. A—Cholecystogram made fourteen 


hours after intravenous administration of the opaque salt. B- 


Roentgenogram taken forty-five minutes 


after a fat-rich meal showing the constant relation of the diverticulum and calculus to the gallbladder 


shadow. 


villi contain dilated vessels. Chronic inflamma- 
tory cells are scattered throughout the mucosa. 
The vessels of the perimuscular connective 
tissue layer are dilated; in this layer there are 
a few chronic inflammatory cells. In sections 
taken through the pouch and the adjoining 
gallbladder wall the muscle appears hyper- 
trophied on either side of the pouch. The 
pouch itself shows a very thin wall with no 
crypts. The epithelium is shed. The wall con- 
sists of a narrow band of fibrous tissue outside 


diagnosis is most important in those cases 
of diverticulum containing calculi since 
one’s first impulse in employing cholecys- 
tography to differentiate between renal 
and biliary calculi might be to interpret a 
positive shadow lying wholly outside the 
lumen of the gallbladder as being situated 
in the kidney. The diagnostic features of a 
calculus in a diverticulum of the gallbladder 
according to my observations are: (1) its 
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e constant relation to the gallbladder shadow 
| in all positions in the filled and partially 
empty gallbladder; (2) the presence of a 
- slight indentation in the outline of the gall- 
- bladder adjoining the shadow of the cal- 


- culus or the diverticulum; (3) the fre- 
quently laminated appearance or negative 

; center of the calculus. 
Case ul. Mrs. J. K., white, aged fifty-eight, 


was referred to the Women’s College Hospital 
by Dr. Wilfrid B. Fetterman for cholecystog- 
raphy. Her chief complaint was “indigestion” 
over a period of years. She had considerable 
gas and frequent soft pasty stools. She had oc- 
casional arthritic pains in different joints. 
Other foci of infection were excluded and the 
gallbladder was under suspicion as a possible 
focus of infection. The roentgen report on the 
gallbladder is as follows: “Intravenous chole- 
cystograms show a rather faint homogeneous 
gallbladder shadow fourteen hours after ad- 
ministration of the opaque salt. There is a 
separate shadow approximately I cm. in diam- 
eter adjoining the fundus of the gallbladder 
which suggests the appearance of a diverticu- 
lum. The gallbladder shadow was diminished 
in size following a fat-rich meal. There is no 
evidence of calculus. The faint gallbladder 


Kic. 2. Case 1. Gallbladder from case illustrated in 
Figure 1, after removal, showing the opening of 
the diverticulum. 


Diverticulum of the Gallbladder 


Kic. 3. Case 11. Intravenous cholecystogram in which 
the shadow projecting from the fundus of the gall- 
bladder was diagnosed as a diverticulum. The 
diminished density of the shadow by the intrave- 
nous method indicates cholecystitis. These chole- 
cystograms correspond closely with those in the 
case of diverticulum of the gallbladder reported by 
Barsony and von Friedrich. 

shadow following the intravenous adminis- 
tration of the dye indicates cholecystitis.” 
(Fig. 3.) Operation was not advised and the 
findings have not been confirmed. These chole- 
cystograms correspond in regard to both size 
and position of the so-diagnosed diverticulum 
with those of the case reported by Barsony and 
von Friedrich, which case was confirmed by 
operation. 


Diagnosis of diverticulum of the gall. 
bladder preoperatively can obviously only 
be made by cholecystography. If a diver- 
ticulum is so diagnosed in an otherwise not 
abnormal gallbladder it is of little probable 
significance although this assertion is open 
to question as shown by Abbott’s case in 
which he found an inflamed diverticulum 
projecting from an otherwise normal gall- 
bladder. 

Differentiation of diverticulum of the 
gallbladder must be made from: (1) con- 
genital malformations such as double gall- 
bladder, as reported by Schachner, Nichols, 
Boyden and many others; (2) hour-glass 
gallbladder, as reported by Courvoisier, 
Hartmann, Malcolm, Morton, Toida, and 
others. Levine diagnosed the presence of 
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an hour-glass gallbladder by cholecystog- 
raphy; (3) redundant gallbladder due to 
the presence of a peritoneal fold—the cys- 
toduodenal or cystocolic ligament. Flint 
has described this as an abnormality, not 
a pathological change; (4) pericholecystic 
adhesions causing deformity of an other- 
wise normal gallbladder shadow. 

The differentiation between the above 
conditions and diverticulum should be 
made easier by films taken at different 
angles in some of which the redundant or 
double gallbladder shadows can be shown 
in a position in which there is no overlap- 
ping. There are not sufficient cases recorded 
to establish definite diagnostic features but 
the findings in our cases would suggest that 
roentgenograms taken following a fat-rich 
meal show less decrease in size in the diver- 
ticulum due to the absence of muscle fibers 
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in the wall of the diverticulum. 


SUMMARY 


Two cases are reported in which a diag- 
nosis of diverticulum of the gallbladder was 
made by intravenous cholecystography. 
One case corresponded to that reported by 
Barsony and von Friedrich, but confirma- 
tion has not as yet been obtained. In the 
other case a calculus was present in the 
diverticulum, which since it was entirely 
outside the gallbladder shadow might 
easily be mistaken for a renal calculus. No 
similar case could be found in the literature 
in which a preoperative diagnosis had been 
made. A review of the literature revealed 
numerous case reports of diverticula of the 
gallbladder but only one case report in 
which there was a preoperative diagnosis 
of diverticulum of the gallbladder. 
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ROENTGEN DIAGNOSIS OF DISEASES OF THE 


COLON 


AN EVALUATION OF METHODS* 


By HARRY M. WEBER, M.D. 


Section on Roentgenology, The Mayo Clini 


ROCHESTER 


HE IDEA of artificially inducing a rela- 
tive difference in density between the 
intestinal tube and the tissues surrounding 
it, thereby enhancing its roentgenologic 
contrast, arose soon after R6éntgen’s dis- 
covery was announced. Becher, in 1896, 
made roentgenograms of the stomach and 
isolated loops of the large intestine after 
filling them with a solution of lead acetate, 
as well as after inflating them with air. At 
this early date Becher used both extremes 
of the contrast scale to visualize the lumen 
of the alimentary tube, employing a solu 
tion of a salt of a heavy metal to impede, 
and a gas to promote, the passage of the 
roentgen rays through these viscera. But 
the notion of using the salts of heavy metals 
as contrast materials seems not to have 
been original with Becher, for late in 1896 
Cannon was already demonstrating the 
phenomena of deglutition exhibited by the 
goose when swallowing capsules filled with 
bismuth subnitrate, and Rumpel had vis- 
ualized a dilated esophagus, using a sus- 
pension of this material. Rumpel was ap- 
parently the first to use a suspension of a 
metallic contrast substance to visualize a 
portion of the alimentary tract of man. 
The earliest and most widely known ob- 
servations, those of Cannon,®:? Roux, and 
Balthazard and Williams were concerned 
largely with the esophagus and stomach, 
although Williams suggested the use of gas 
for outlining the sigmoid and descending 
portion of the colon at least as early as 
1g01. By this time Hildebrand and Rumpel 
actually had visualized the colon of the 
human being in vivo. They administered 
large quantities of bismuth orally for sev- 
eral days, gave opium to quiet the intestine 
and facilitate the formation of opaque 


* Read before the American Congress of Radiology, € Zo, 
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fecal masses, and made roentgenograms 
just after insufHation with air. Hildebrand 
commented on the clearness of the roent- 
genograms so obtained. Thus it appears 
that a combined method actually had been 
used before the single contrast method by 
means of an opaque enema had been de- 
veloped. However, in the same publication 
in which the description of these observa- 
tions appeared, Hildebrand inferred that 
he also had made the colon of the human 
being visible by injecting a suspension of 
bismuth salt into it by rectum. 

By 1902 Cannon’ had extended his roent- 
genologic observations on the movements of 
esophagus and stomach of animals to in- 
clude the movements of the intestines. Ani- 
mals were used also in the studies of Kraus 
and of Lommel. It seems to have been the 
appearance of the work of Rieder,”’.?* how- 
ever, which gave impetus to a much more 
general and intensive application of roent- 
gen rays to study of the anatomy, physi- 
ology, and pathology of the digestive tract. 
Although Rieder and Schiile used the 
opaque enema in their studies, most of the 
early observations of the colon were made 
with the contrast meal. Before Haenisch 
had demonstrated the superiority of the 
roentgenoscopically observed contrast en- 
ema over the contrast meal for all purposes 
except study of the motor function of the 
colon, Pfahler had recommended, and Cole 
and Einhorn had submitted actual experi- 
ence with the use of air to make the large 
intestine demonstrable roentgenologically. 
Krauss, and later Burkhardt, substituted 
oxygen for air, and carbon dioxide was sug- 
gested and used by others. 

Haenisch’s first publication appeared in 
1911, and thereafter no noteworthy devel- 
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opments in method appeared until 1923, 
when Fischer" described his recently elabo- 
rated combined method. Mention should 
be made, however, of the substitution of 
the sulphate salt of barium for the insol- 
uble salts of bismuth which took place be- 
tween IgI1 and 1923. Case, in 1911, pointed 
out the advantages of stereoroentgenog- 
raphy of the colon filled with opaque ma- 
terial for more definite demonstration of 
certain significant roentgenologic evidences 
of abnormality. Between 1911 and 1923 
most investigators who were consistently 
interested in the large intestine were occu- 
pied chiefly with the elaboration of a defi- 
nite and reliable means of roentgen diag- 
nosis of its functional and organic abnor- 
malities with the methods at hand. Pre- 
éminent among those who made significant 
contributions to this phase of the work were 
Rieder, Haenisch, Schwarz, Stierlin, Groe- 
del,'®"? Case, George, Carman and Miller, 
Cole, and Brown and Sampson. 

Most recent developments in methods of 
investigation are the combined method 
elaborated by Fischer, mentioned in the 
foregoing, and the studies of mucosal relief 
with which the names of Forssell, Berg, 
Knothe and Chaoul are prominently identi- 
fied. This last mentioned method of diag- 
nosis, when reduced to its essentials, rests 
on a study of the internal relief patterns of 
the mucosa of the colon after the opaque 
enema has been evacuated. In this connec- 
tion it is worthy of note that Cole,'! and 
undoubtedly others, were eliciting signifi- 
cant information by this method as early 
as 1915. Berg and his followers, however, 
should be credited with bringing this valu- 
able method of study into the foreground 
of general attention, and with giving it in- 
tensive and critical consideration. 

Most of the methods of investigation, 
the development of which I have thus 
briefly outlined, have been practical, and 
as such have been preserved for general use 
today. The use of the gases alone as con- 
trast substances has been abandoned gen- 
erally, because the contrast is not sharp 
enough, and the contours of the bowel are 


not made sufficiently distinct. Insufflation 
with air or some other gas may be used to 
provide rapid localization of a palpable ab- 
dominal mass, but this is accomplished by 
the contrast enema with the advantage of 
greater distinctness of outline. In special 
instances, when, as Cole and Einhorn sug- 
gested, for some reason the use of opaque 
salts may be inadvisable or contraindicated, 
simple insufflation of the bowel may serve 
a useful purpose. Such circumstances are 
encountered rarely. 

Insuffation of the colon after waiting 
until a previously administered opaque 
meal has had sufficient time to be trans- 
ported into its proximal segments, as used 
first by Hildebrand and Rumpel, later ad- 
vocated by Laurell, may provide useful in- 
formation about the cecal and proximal 
ascending segments of the colon, but in 
this and the more distal segments, includ- 
ing the hepatic flexure, the stool is already 
formed, and the procedure has little more 
to offer than simple insufflation. 

Pneumoperitoneum has found but ex 
tremely limited application in the investi- 
gation of diseases and conditions in which 
the large intestine may be involved. 

The current methods of visualizing the 
colon for diagnostic purposes are the con- 
trast meal, the contrast enema, the study 
of the mucosal relief, and the double con- 
trast enema. All except the contrast meal 
might as well be considered together as 
comprising a single method, rating the 
studies of mucosal relief and those with the 
use of the double contrast enema as comple- 
ments to, and refinements of, the examina- 
tion with the simple opaque enema. 

Most of the early examinations of the 
large intestine were carried on with the 
contrast meal. It is still the cardinal pro- 
cedure in use when objective evidence of 
the motor activity of the bowel is sought. 
Although it is in fact the most nearly physi- 
ologic of the roentgenologic methods of in- 
vestigation, still it is somewhat unphysio- 
logic, and this is well kept in mind in making 
determinations of aberrations from normal 
function. It seems to me that many of the 
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alleged roentgenologic signs of functional 
colonic disorder are intimately associated 
with the physical character of the contrast 
meal itself. There is no established manner 
of preparing the opaque meal. A great va- 
riety of mixtures is employed, but all of 
them contain a high concentration of the 
metallic salt in use. Compared with the spe- 
cific gravity of the material which the colon 
is designed to contain, that of the ordinary 
opaque meal is surprisingly high. In ad- 
dition, the fate of this ponderous mass of 
relatively inert material, under the dehy- 
drating influence of the proximal portion of 
the colon, should be borne in mind. The 
patient’s intake of fluid has been modified, 
if for no other reason than because he is 
having a roentgenologic examination. Un- 
der these circumstances physicians of the 
Section on Roentgenology of The Mayo 
Clinic are not inclined to regard the ap- 
pearances assumed by the opaque meal, 
under the influence even of the normal 
motor activity of the colon, as entirely 
representative of the appearance an ordi- 
nary meal would assume, could it be ade 
quately visualized. The functional activity 
of the colon, and of the intestinal tract in 
general, is so variably affected by such a 
variety of extraneous and uncontrollable 
influences, that roentgenologic judgments 
in this respect are given with extreme cau 
tion, and of necessity would be influenced 
and modified by clinical knowledge of the 
particular patient undergoing examination. 

The opaque meal, applied to the investi 
gation of organic disease of the colon, when 
used alone, becomes a source of error and 
confusion. If the efficiency of the roentgen- 
ologic method applied to the investigation 
of the large intestine is underestimated in 


some quarters, then | hold the placing of 


too much reliance on the contrast meal re- 
sponsible. No other roentgenologic pro- 
cedure entails such an abundance of il- 
lusory appearances. The 
cumbersome and time-consuming, inas- 
much as repeated roentgenoscopic ex- 
aminations are always required. A satis- 
factory survey of the entire colon at any 


procedure is 
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given time is difficult to obtain even with 
the use of the double meal recommended 
by Fischer.'* Obstruction when present in 
high degree is made manifest, but the ac- 
cumulation of a mass of heavy, inert ma- 
terial above an obstructing or constricting 
process is studiously to be avoided. Phe- 
nomena of local or general hypermotility 
are generally considered as constant in the 
ulcerative diseases of the colon and are ef- 
ficiently observed with this method of ex- 
amination. But the type of evidence elicited 
is largely indirect, and hence of diminished 
diagnostic value when compared with the 
direct evidence securable by other meth- 
ods. When rigidly controlled, however, as 
is the application of this method to the rec- 
ognition of intestinal tuberculosis, the evi- 
dence supplied merits serious considera- 
tion. 

diseases of the colon 
produce change in the internal or external 
contours of its lumen, or both, those pro- 
cedures which serve best to bring out the 
anatomic characteristics of the deformity 
are to be preferred. 
servation of the contrast enema is the 
method of maximal efficiency for this pur- 
pose. For this reason it is considered the 
cardinal roentgenologic method in the 1n- 
vestigation of all types of disease of the 
large intestine, malignant or benign. The 
advantages it offers seem obvious. The di- 
agnostic elements which the roentgenologic 
method affords are not solely visual. The 
purely visual elements are reénforced with 
other features, especially those supplied by 
topical manipulation of diseased parts. 
With roentgenoscopic observation of the 
opaque enema, the entire organ can be 
viewed as a unit in its living state, or any 
part of it can be subjected to separate vis- 
ual and manipulative scrutiny at any in- 
stant, from any desired angle. Exact in- 
formation regarding mobility, flexibility, 
and the character and persistence of defects 
and irregularities in contour is instantly 
available. In most instances of organic dis- 
ease it is possible to elaborate a pathogno- 
monic roentgenologic syndrome from the 


Since all organic 
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a b 
Fic. 1. The opaque enema. Deforming lesions of the colon: a 


b, diverticulitis of the sigmoid. Typical and pathognomonic roentgenologic appearances 


a b 


, carcinoma just below the ileocecal valve; 


Fic. 2. Polypoid carcinoma of the cecum. a, opaque enema shows deformity of the cecum not characteristic 


of malignancy; 4, after evacuation of the opaque enema; the mucosal relief is abnormal, but the nature « 


the lesion is not apparent; c, the double contrast method; the intraluminal character of the lesion is ob 
ous. 
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data elicited from this, the fundamental 
phase of the roentgenologic examination 
alone (Fig. 1). 

Roentgenoscopic observation of the 
opaque enema has been designated as the 
cardinal procedure because, from the diag- 
nostic data it yields, the indications for ex- 
tension of the examination to include other 
and more refined techniques are inferred 
(Fig. 2). Of these, the most commonly em- 
ployed are roentgenography of the bowel 
distended with the opaque enema, and 
special examination of the mucosa and in- 
ternal topography of the lumen of the 
colon, using roentgenoscopic and roentgen- 
ographic examination after the contrast 
enema has been evacuated, both before and 
after distention with air or some harmless 
gas. [hese are rated as auxiliary maneuvers 
complementary to but not superseding the 
cardinal procedure. 

The mucosal surface of the gastrointes- 
tinal tract in general merits special atten- 
tion, and even a special technique of in- 
vestigation, principally because it is on this 
surface that the earliest and most conspicu- 
ous evidence of macroscopic pathologic 
change is found. Inspection of the mucosal 
relief, and the double contrast method, are 
procedures designed especially for the 
roentgenologic demonstration of changes in 
the mucosa and internal topography of the 
colon for which purpose older methods were 
deficient. Properly applied they make an 
invaluable contribution to increased ac- 
curacy and general efficiency in the diag- 
nosis of organic disease of the colon. 

The double contrast method deserves 
special comment. When successfully exe- 
cuted it affords an opportunity for esti- 
mating the integrity of the interior of the 
colonic lumen attainable by no other means 
except direct inspection. Providing what is 
essentially a transparent medium, its great- 
est advantage is its adaptability for demon- 
strating with precision and accuracy those 
obscure, small, nondeforming lesions, the 
polypoid lesions, which are otherwise 
visualized with greatest difficulty, if at all 

Fig. 3). 
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A further point of superiority is the in- 
creased distinctness with which significant 
anatomic characteristics of lesions are de- 
picted (Fig. 4). With the opaque enema a 
diseased segment of colon is often more or 
less adequately visualized and manipulated 
roentgenoscopically, but despite all efforts, 
the diseased segment may be persistently 
obscured on the roentgenogram by overly- 
ing loops filled with the densely opaque 
contrast material. This difficulty is obvi- 
ated to a great extent with the use of the 
transparent, double contrast technique. 


Fic. 3. Double contrast method. Diffuse polypoido- 
sis. The small polypoid lesions are visualized with 
a distinctness no other method could offer 


As a matter of principle, the complete 
roentgenologic examination will include all 
methods necessary for rendition of a com- 
plete and precise diagnosis. No one method 
is capable of accomplishing this task in 
every case. Methods, however, do not make 
diagnoses. The complete roentgenologic 
examination is largely and essentially a 
special method of eliciting those features 
of disease which are apparent to the eye 
and hand on direct examination of dis- 
eased tissue. A most intimate relationship 
exists, therefore, between the anatomic and 
roentgenologic methods of diagnosis. Diag- 
nostic efficiency is fundamentally and in- 
timately associated with the individual ex- 
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a 


Fic. 4. Diverticulitis of the sigmoid. Diverticulosis of the descending colon. a 


b 


, opaque enema; 4, the double 


contrast method. The anatomic characteristics of the pathologic process are depicted with greater pre 


cision. 


aminer’s familiarity with the gross patho- 
logic features of lesions encountered, and 
with the facility with which he correlates 
roentgenologic with pathologic data. In 
the diagnosis of organic disease, the value 


of any given method, or combination ot 
methods, is measured entirely by the 
clarity and distinctness with which it re 
veals pertinent data translatable into terms 
of pathologic anatomy. 
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REACTION OF TRANSPLANTABLE MOUSE SARCOMA 
NO. 180 TO RADIATIONS OF DIFFERENT 
WAVE LENGTHS 
(200 KV. ROENTGEN RAYS AND GAMMA RAYS)* 

By KANEMATSU SUGIURA, D.M. Sc. 


NEW YORK CITY 


Introduction 


Gince the discovery of the x-ray in 
7 1895 and radium in 1898, there have 
been miany investigations into the biolog- 
ical properties of roentgen rays and gamma 
rays. The use of different biological ma- 
terials combined with various qualities of 
radiation, intensity of radiation and time 
during which the full dose is administered 
has led to varying results and, therefore, 
much controversy. At the recent Sym- 
posium on “The relative effects produced 
by 200 kv. roentgen rays, 700 kv. roentgen 
rays, and gamma rays’ members of the 
Memorial Hospital staff! presented papers 
and discussed the quantitative relationship 
between the biological action of these rays. 

The work here reported was planned to 
determine the relative effectiveness of 200 
kv. roentgen rays and gamma rays as lethal 
agents, using a transplantable mammalian 
tumor as the test object. 


Materials and Methods 


The mouse sarcoma No. 180 was selected 
on account of its regularity and high per- 
centage of successful takes. During the 
past two years we have made nearly 1,000 
normal tumor implantations and found 
that in the majority of the series the tumor 
takes were 100 per cent and seldom below 
go per cent, the average takes being 99 per 
cent. The transplants ultimately regressed 
in about 4 per cent of the positive growths. 
This sarcoma grew progressively and rapid- 
ly. Many of them developed pressure ne- 
crosis at the subcutaneous parts of the 
tumors as early as the third week, and sub- 


sequently caused the deaths of the animals 
from toxemia, septicemia and nutritional 
failure. 

The subcutaneous inoculations of the 
tumor fragments (about 6 mg. pieces) into 
healthy young adult white mice were done 
by the trocar method and the tumors were 
generally allowed to grow for a period of 
six weeks. 

Each set of experiments included the in 
oculation of animals with untreated tu 
mor tissue immediately after removal from 
the tumor-bearing animal. 

It is essential to know the relation of 
mouse sarcoma No. 180 to physical and 
chemical environments which may have a 
bearing upon the present investigation. 


Effect of Multiple Implantation upon the 


Growth of Mouse Sarcoma No. 7So 


Transplantation experiments with mam 
malian neoplasms? indicate that re-implan 
tation with similar tumor tissue within a 
short time may affect the takes of primary 
or secondary implants, or both. The degree 
of the concomitant immunity, however, 
varies with different tumor parenchymata. 

We carried out several preliminary ex 
periments to determine the suitability of a 
multiple implantation of mouse sarcoma 
No. 180 because should the tumor show a 


dependable growth in mice the expense of 


investigation might be greatly reduced. 
The results obtained from the single and 
multiple inoculations of tumor tissues 
showed that the percentage of tumor takes 
and the rate of tumor growth were not 
affected by a second, third or even a fourth 


* From the Huntington Fund for Cancer Research, Memorial Hospital and the Harriman Research Fund, New York. Pri 
sented at the conference celebrating the First Centenary of the Foundation of the Faculty of Medicine of the National University 


of Mexico, Mexico City, Oct. 23-29, 1933. 
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implant. However, throughout the present 
work we adopted most often the double 
implantation technique (single grafts at 
the right and left axilla), because the pres- 
ence of a greater number of implanted 
tumors reduced the duration of life of these 
tumor-bearing animals. 


Effect of Desiccation upon the Growth of 
Mouse Sarcoma No. 18o 


It is a well-established fact that the 
transplantable mammalian neoplasms lose 
their viability by complete desiccation. 
The extent of the injurious action of partial 
dehydration, however, is not well under- 
stood. For that reason we made the follow- 
ing experiments. 

Kragments of fresh tumor tissue, each 
weighing about 6 mg., were subjected to 
dehydration at room temperature in a 
desiccator containing CaCl.-NaOH for 
variable periods of time. At the end of the 
experimental time the loss of water con- 
tent was determined and immediately the 
tumor fragments were treated with a Locke- 
Ringer solution at pH 7.0 and allowed to 
stand for about thirty minutes in the re- 
frigerator. The softened tumor tissues were 
inoculated into mice in the usual way. 

It was found that at the end of thirty 
minutes in a desiccator the fresh tumor tis- 
sue lost about 33 per cent of its original 
water content, after one hour, about 58 
per cent, after two hours, about 90 per 
cent, and after three hours, about 95 per 
cent. These figures are the average of four 
sets of experiments. 

The normal transmissibility of mouse 
sarcoma No. 180 was not changed by the 
loss of from 33 to 58 per cent of its original 
water content. When the fragments lost go 
per cent of the original water content only 
40 per cent of fragments remained viable 
and the growth capacity of the tumor frag- 
ments was completely destroyed by loss of 
95 per cent of the original water content. 

The water content of the two to three 
weeks old mouse sarcoma No. 180 (healthy, 


Reaction of Transplantable Mouse Sarcoma 


615 


non-necrotic area) was found to be about 
84 per cent. 


The Influence of Hydrogen Ion Concen- 
tration upon the Viability of Mouse 
Sarcoma No. 18o 


Our previous studies with the Flexner- 
Jobling rat carcinoma,* the Rous chicken 
sarcoma,‘ and the Sugiura rat sarcoma? in- 
dicated that these tumors showed marked 
differences in their reaction to different 
hydrogen ion concentrations. Knowledge 
of the relationship between pH and viabil- 
ity of mouse sarcoma No. 180 is desirable 
in connection with the present study. 

Two sets of solutions were used for regu- 
lating hydrogen ion concentration. One 
was the standard pH solutions recom- 
mended by Clark, and the other a Locke- 
Ringer solution* previously adjusted color- 
imetrically to the required pH values with 
0.10N and o.o1N solutions of HCl and 
NaOH. 

Ten or more small pieces of tumor tissue, 
each weighing about 6 mg., were placed in 
a 25 c.c. portion of solution of definite hy- 
drogen ion concentration and salt content. 
The solutions had previously been steri- 
lized in a steam autoclave at 15 pounds 
pressure for fifteen minutes. The flasks con- 
taining the solutions and tumor fragments 
were allowed to remain for twenty-four 
hours in the refrigerator at a temperature 
of 4-5° C. At the end of this period, the 
tumor fragments were transplanted intoani- 
mals. The results are presented in Table 1. 

It is evident that the growth capacity of 
the mouse sarcoma No. 180 was complete- 
ly destroyed by immersing in a Clark’s 
buffer mixture solution or in a Locke- 
Ringer solution at pH 4.0 or pH 10.0. At 
pH 5.0, 69 per cent inhibition and at pH 
g.0, 61 per cent inhibition occurred. On 
the other hand, the tumor fragments which 
had been immersed in a solution at pH 6.0, 
7.0 or 8.0 for twenty-four hours grew nor- 
mally when implanted into mice. 


*A solution contained s moles NaCl 


and 3 moles CaCl» per liter 


moles KCL 
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Action of Roentgen Rays on the Growth 
of Mouse Sarcoma No. 1So 
As a preliminary study, we have deter- 
mined the extent of the injurious action of 
unfiltered roentgen rays on the proliferat- 
ing capacity of sarcoma cells in vitro. 
In order to avoid uncertainties due to 
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mm. in thickness, were then arranged in 
rows on the paper as shown in Figure 1. 
A second embroidery hoop with a diameter 
of 12 cm. with one sheet of cellophane 
stretched across was then placed over it, 
to reduce the normal evaporation of wa- 


ing about 6 mg., and measuring about 2 


TABLe I 


RESULTS OF 


TRANSPLANTING MOUSE SARCOMA NO, 


18O AFTER IMMERSING IN 


VARIOUS PH SOLUTIONS AT 4-$ °C. 


No. of Tumor 


Exp. Number | Transplants Name of 


Used Solution 

20 Controls 

20 Clark 

2c Clark 

2c Clark 

Clark 

20 Clark I 
12 Controls 

12 Clark 

12 Clark 

12 Clark 

12 Clark 

12 Clark 

12 Clark 

12 Clark 
16 Controls 

16 L-R 

L-R 

L-R 

R 


secondary radiations and the loss of tissue 
water a special cellophane chamber was 
constructed. One layer of very thin cello- 
phane (0.001 mm.) was stretched over an 
ordinary wooden embroidery hoop with a 
diameter of 9.5 cm. On this was placed a 
piece of filter paper slightly moistened with 
a Locke-Ringer solution at pH 7.0. Frag- 
ments of a fresh tumor tissue, each weigh- 


-Q IOC 2 


Growth of 
Transplants 
(per cent) 


Remarks 


1 Rapid growth. 
No growth. 

4 12 tumors did not grow; others 

grew rapidly. 

Rapid growth. 

16 tumors did not grow; 4 tu 
mors no growth for 2 weeks, then 
normal growth. 

I No growth. 

10C I tumor grew 

grew rapidly. 
No growth. 


ski others 


33 8 tumors did not grow; others 
grew normally. 
8 10 2 tumors grew slowly; 
grew rapidly. 
1c Rapid growth. 


others 


tumors grew slowly; others 
grew rapidly. 
5 tumors did not grow; others 
grew normally. 
I e No growth. 
10c 2 tumors grew very 

others grew normally. 
No growth. 
13 tumors did not grow; others 
grew normally. 
38 10 tumors did not grow; others 

grew normally. 
> No growth. 


slowly 


ter and bacterial contamination. Aseptic 
precautions were taken in the preparation 
for the irradiation experiments. 

Tumor materials to be used for the ir- 
radiation experiments were selected among 
rapidly growing tumors which had not ul 
cerated. They were from two to three 
weeks old. 

The irradiation of the tumor fragments 


| 
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was begun within 1.5 hours after removal 
of the tumor from the animal, unless other- 
wise stated. 

In the present experiments the tumor 
fragments were subjected to the radiation 
from a standard water-cooled Coolidge 
roentgen tube under the following con- 
ditions: 200 kv., 30 ma., no filter, and 35 
cm. distance from the target. At this point, 
the intensity of the beam measured in air 
was found to be approximately 243 roent- 
gens per minute. The temperature of the 
roentgen-ray chamber during the irradi- 
ation did not exceed 22° C. 

At the end of definite intervals of time 
the irradiated tumor fragments were re- 
moved from the cellophane moist chamber 
and immediately implanted into animals 
in the usual way, or they were transferred 
temporarily to a small Petri dish contain- 
ing a sheet of moist filter paper and allowed 
to remain in the refrigerator until ready 
for implantation. At the same time pieces 
of treated tumor were fixed in 
formalin for histological examination. 

The tumor takes and their subsequent 
rate of growth are influenced by many fac- 
tors. It is essential, therefore, that all the 
experiments be carried out as uniformly as 
possible, and that proper controls be made. 

The development of the tumors in the 
animals was recorded graphically by meas- 
uring them every week by means of cali- 
pers. Some irradiated transplants prolifer- 
ated in the animals for several days or 
showed the original, palpable implants for 
about two weeks, but if they were com- 
pletely absorbed within three weeks they 
were considered as negative transplants. 
On the other hand, tumors growing over 
three weeks in the animals are considered 
as positive transplants. In general, the tu- 
mors were allowed to grow for a period of 
six weeks and the negative growths were 
finally controlled by autopsy. 

The results obtained from the unfiltered 
roentgen rays are presented in Table 11. 

In the last column we have given a brief 
account of the irradiated and non-irradi- 
ated tumors because there was a subnormal 


tissues 
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rate of growth of malignant tumors after 
sublethal irradiation. The data are ar- 
ranged according to the increasing duration 
of tissue exposure. 

It is clear that the transplantable mouse 
sarcoma is uniformly sensitive to unfiltered 
roentgen rays (200 kv., 30 ma.). The tumor 
fragments exposed for from one to five 
minutes to the radiation remained viable, 
the growths being practically the same as 
in the controls. As irradiation continues 
the tumor cells die quickly, though some 
can resist the enormous dose of 2,200 r 
(Fig. 2). However, the viability of the 
transplants was completely destroyed by 
the radiation in ten minutes of exposure. 
Under these conditions the tumor tissues 
received a total of about 2,400 r. 


Kic. 1. Cellophane moist chamber for exposing tumor 
tissues to roentgen and gamma rays. The frag- 
ments in this photograph are those of a trans- 
plantable mouse melanoma. 


It may be noted that of the 55 tumors 
which survived the radiation, the times of 
exposure being from six to nine minutes, 
42, or 76 per cent, grew at much below 
normal rate and only 13 tumors showed 
rapid growth. In some cases the retarded 
tumor growth continued for several weeks, 
and the tumor subsequently underwent 
complete regression, while in the others 
retardation lasted only from two to three 
weeks and growth was normal thereafter. 


Experiments with Filtered Roentgen Rays 


Experiments duplicating those with un- 
filtered radiation were made with filtered 
radiation. The fragments of fresh mouse 
sarcoma No. 180 were irradiated under the 
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RESULTS OF TRANSPLANTING MOUSE SARCOMA NO. I80 AFTER EXPOSURE TO UNFILTERED 
ROENTGEN RAYS (200 KV., 30 MA.) 


Exp. 
Number 


No. of Tumor | Duration of 


Transplants 
Used 


Exposure 
(minutes) 


Controls 


Controls 


Ke 
Controls 
6 


Controls 


Controls 

8 


9 


10 
Controls 


9 

10 

II 
Controls 


Growth of 
Transplants 
(per cent) 


Remarks 


17 tumors grew rapidly; others grew 
slowly. 

Rapid growth. 

12 tumors grew rapidly; others grew 
slowly. 

4 tumors did not grow; 10 tumors grew 
slowly; others grew rapidly. 

11 tumors grew rapidly; others grew 
slowly. 

no growth for 4 weeks, then slow 
growth; others grew rapidly. 

No growth. 

Rapid growth. 

4 tumors did not grow; 8 grew slowly; 
others grew normally. 


2 tumors did not grow; with 2 tumors, 


14 tumors did not grow; 2 grew slowly 
others grew very slowly. 

16 tumors did not grow; 2 grew slowly; 
others grew very slowly. 

18 tumors did not grow; others grew 
slowly. 

No growth. 

Rapid growth. 

7 tumors did not grow; others grew 
slowly. 

No growth. 

No growth. 

Rapid growth. 

16 tumors did not grow; others grew 
slowly. 

18 tumors did not grow; 1 tumor grew 
slowly; other grew very slowly. 

No growth. 

8 tumors grew rapidly; 2 tumors re- 
gressed after growing for 4 weeks. 

g tumors did not grow; I tumor grew 


very slowly for 4 weeks, then regressed. 


No growth. 

No growth. 

No growth. 

g tumors grew rapidly; 1 tumor grew 
slowly. 


8 tumors did not grow; others grew 
slowly. 

No growth. 

No growth. 

No growth. 
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following conditions: 200 kv., 30 ma., 0.5 
mm. copper and 1.6 mm. aluminum filters, 
and 50 cm. distance. Under these condi- 
tions the tumor tissues received 44.7 r per 
minute. The half-value thickness for the 
quality of radiation used was 0.9 mm. of 
copper. The results obtained from the fil- 
tered roentgen rays are summarized in 
Table 111 and shown also in Figure 3. In 
the figure the dosage is given in roentgens. 

These results show that sixty-three min- 
utes’ exposure (about 2,800 r) of the tumor 
fragments to filtered radiation prevented 
their growth completely when inoculated 
into animals. If the exposure was not too 
long, so that a dose of about 2,600 r or 
less was used, there was a delayed onset of 
growth and marked inhibition and retarda- 
tion of the subsequent growth. A graphic 
illustration of a typical example of the 
progress of irradiated and non-irradiated 
tumors may show this point more clearly 
(Fig. 4). The present results are in accord 
with the findings of Wood*® who, working 
with mouse sarcoma No. 180, found that 


Roentgen nit 


Fic. 2. Survival curve of mouse sarcoma No. 18 
exposed to 200 kv. roentgen rays, no filter, inten 
sity =243 r/min. Each line surrounding a point 
indicates additional identical point. 
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Roemtgen nits 


Survival curve of mouse sarcoma No. 180 
exposed to 200 kv. roentgen rays, filter 0.5 mm. 
Cu+1.6 mm. Al, intensity = 44.7 r/min. Each line 
surrounding a point indicates an additional iden- 
tical point. 
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no takes occur after the tumor particles 
have received a dose of about 2,700 r. 
They also are in agreement with the find- 
ings of Packard’ who has pointed out that 
the full lethal dose of mouse sarcoma No. 
180 is about 2,750 r. In his experiments 
the tumor particles were irradiated under 
the following conditions: 550 kv., 3.2 ma., 
6 mm. steel filter and 40 cm. distance. 

It is interesting to note that of the 83 
tumors which survived the irradiation, the 
times of exposure being from forty to sixty- 
one minutes, 60, or 72 per cent, grew at 
much below the normal rate and only 23 
tumors showed rapid growth. In some cases 
the growth of the tumor was retarded for 
several weeks. This may have been due to 
injury of the cell nucleus which was caused 
by irradiation and which hindered the nor- 
mal process of cell division. 

In order to investigate the possibility 
that irradiation caused changes in the 
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AFTER EXPOSURE TO FILTERED ROENTGEN RAYS 
(200 KV., 30 MA., 0.5 MM. CU+1.6 MM. AL FILTER) 


No. of Tumor 


wa 


O 
O 


Remarks 
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2 tumors grew slowly; others grew 
rapidly. 

Rapid growth. 

2 tumors grew slowly; others grew 
rapidly. 

2 tumors did not grow; 6 grew slowly; 
others grew rapidly. 

6 tumors did not grow; 6 grew very 
slowly; others grew rapidly. 

8 tumors did not grow; 8 grew very 
slowly; others grew rapidly. 

Rapid growth. 

2 tumors did not grow; 3 regressed after 
growing slowly for 5-7 weeks; others 
grew rapidly. 

4 tumors did not grow; others grew 
rapidly. 

4 tumors did not grow; 2 regressed after 
growing very slowly for 5 weeks; others 
grew rapidly. 

i tumor grew slowly; others grew rap 
idly. 

1 tumor did not grow; 2 grew slowly; 
others grew rapidly. 

5 tumors did not grow; 3 grew slowly; 
others grew rapidly. 

10 tumors did not grow; others grew 
slowly. 

1 tumor did not grow; § grew slowly; 
others grew rapidly. 

5 tumors did not grow; 3 grew slowly; 
others grew rapidly. 

6 tumors did not grow; 2 grew slowly; 
others grew rapidly. 

7 tumors did not grow; 2 grew slowly; 
other grew rapidly. 

2 tumors regressed after growing for 
5-6 weeks; others grew rapidly. 

12 tumors did not grow; 4 regressed 
after growing very slowly for 4-5 
weeks; 2 grew slowly; others grew rap- 
idly. 

16 tumors did not grow; others grew 
very slowly for 2 weeks, normal there 
after. 


16 tumors did not grow; others grew 
very slowly for 3 weeks, normal there 
after. 

No growth. 

Rapid growth. 


om 
Taste III 
ee Duration of Growth of 
“xD. 
l'ransplants Exposure l'ransplants 
Number Us a 

sed (minutes) (per cent) 

x Controls 1O 
2C 16 10c 

2 2c Controls 10 
20 238 gc 
«VJ ) 
20 35 60 

10 Controls 
I 3 ) 80 
IC 35 6 | 
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TABLE III 


Duration of 


Continued) 


Growth of 


: Exp. Transplants Exposure Transplants Remarks 

Number Used (minutes) (per cent) 
4 
48 5 § tumors did not grow; others grew 
i rapidly. 
’ 10 $4 4 6 tumors did not grow; I grew very 
: slowly; 3 grew slowly for 2 weeks, nor- 
7 mal thereafter. 

I 6 3 7 tumors did not grow; others grew 
slowly. 

I 66 No growth. 

8 10 Controls 1 tumor grew slowly; others grew 
rapidly. 

IC $4 3 7 tumors did not grow; others grew 
slowly. 

IC 6 2 8 tumors did not grow; I grew very 
slowly; others grew rapidly. 

1c 66 No growth. 

te 7 No growth. 

g 20 Controls IC Rapid growth. 

2¢ 57 18 tumors did not grow; others grew 
very slowly. 

20 63 No growth. 

I fe Controls 9 1 tumor did not grow; others grew 
rapidly. 

5 I g tumors did not grow; others grew 
slowly. 

1c 63 ) No growth. 

11 2c Controls 100 Rapid growth. 

2 57 3 14 tumors did not grow; others grew 
slowly. 

2 6 2 16 tumors did not grow; others grew 
very slowly. 

2 63 No growth. 

2c 66 No growth. 

12 2¢ Controls I Rapid growth. 

2 58 3 14 tumors did not grow; with 4, no 
growth for 2-3 weeks, then slow 
growth; others grew rapidly. 

2 61 2 16 tumors did not grow; with 2 no 
growth for 3 weeks, normal thereafter, 

al others grew normally. 

13 2 Controls ) 


Rapid growth. 


2¢ 8 I 18 tumors did not grow; others grew 
slowly. 
2c No growth. 


Locke-Ringer solution which might pro 
duce secondary changes in the tumor, we 
exposed a Locke-Ringer solution to roent 
gen rays under identical conditions of ir 
radiation. Then the tumor fragments were 
placed in this solution for one hour before 
implantation into healthy mice. It was 


found that the irradiated Locke-Ringer 
solution did not affect the growth energy 
of the tumor. 

It may be of interest to mention that 
under the stated conditions of irradiation, 
both filtered and unfiltered roentgen rays 
have not induced any stimulating influence 
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upon mouse sarcoma No. 180. 
Histological examinations of a number 
of the tumor tissues after exposure to 
filtered roentgen rays were made. The gen- 
eral structure of non-irradiated tissue 
showed a very cellular, small spindle and 
polyhedral cell sarcoma, in areas degener- 
ated aiid necrotic. The sections of irradi- 
ated tissues showed no definite changes, 
the tumor cells appearing to be viable. 


) T / | 
Results of Transplanting Mouse Sarcoma No. | 
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filtered roentgen rays for forty to sixty 
minutes. At the end of the sixth day after 
implantation some of the animals were 
killed with ether. At necropsy the control 
tumors on the right axilla were consider- 
ably larger due to rapid cell division. The 
tumors were firmly fixed to the areolar 
tissue. There was a marked hyperemia of 
the lateral thoracic artery. The tumor tis- 
sues on the left axilla which had been ir- 


60 Mir 


© 
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Fic. 4. Experiment 11, Table 11. Sixty-three minutes’ exposure (about 2,800 r) of the tumor fragments 
to filtered radiation prevented their growth completely when inoculated into animals. If a dose of about 


2,600 r (60 min.) or about 2,5 


oo r (57 min.) was used, there was a delayed onset of growth and 


marked inhibition and retardation of the subsequent growth. Unshaded areas in the tumors repre 


sent pressure necrosis. 


Yet the growth energy of the transplants 
which had received 1,500 r or more was 
distinctly reduced. 

There was an interesting correlation be- 
tween the tumor growth and hypermia. 
Healthy young adult mice were inoculated 
in the region of the right axilla with a 
piece of non-irradiated mouse sarcoma and 
in the region of the left axilla with a piece 
of tumor tissue which had been exposed to 


radiated for forty minutes (1,788 r) were 
slightly larger than the original size. There 
was a moderate hyperemia of the lateral 
thoracic artery. On the other hand, the 
tumor tissues irradiated for sixty minutes 
(2,682 r) remained the size of the original 
implants. The blood vessels leading to the 
implants were normal, very fine as though 
there was no active tumor. 

In the course of the investigation we 
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have determined the viability of tumors 
greatly stunted by previous irradiation. It 
was found that not only the rate of growth 
but also the number of tumor takes was 
reduced. Whether or not this retardation 
of growth energy could be restored by a 
successive transplantation generation is 
uncertain. Further experiments are re- 
quired to answer these questions. 


Experiments with Gamma Rays 


To determine the effect of much shorter 
wave length radiation we have used highly 
filtered gamma rays from 4 grams of 
radium element. The construction of the 
radium element pack has been fully de- 
scribed by Failla.* 

Since the main purpose of the experi- 
ment was to compare the effect produced 
by gamma rays with that of highly filtered 
roentgen rays, the two sets of experiments 
were arranged as nearly identical as prac 
tical and whenever possible the tumor ma 
terials used in both cases were taken from 
the same animals. 


Fic. 5. Four gram radium element pack. Showing 
the position of a cellophane moist chamber con- 
taining tumor material. 


Reaction of Transplantable Mouse Sarcoma 6 


te 


T 
ime 


Fic. 6. Survival curve of mouse sarcoma No. 18 

exposed to 4 grams radium element, filter equiva- 
lent to 2.0 mm. Pb+2.5 mm. celluloid. Each line 
surrounding a point indicates an additional identi 

cal point. 


In the present investigation the tumor 
fragments in the cellophane moist chamber 
(Fig. 5) were irradiated under the following 
conditions: 4 grams of radium, primary 
filter equivalent to 2.0 mm. lead, secondary 
filter 2.5 mm. celluloid, distance 6 cm. The 
temperatures of the 4 gram radium element 
pack room during the irradiation were from 
14.5 to 17° C. Whenever necessary a few 
drops of sterile Locke-Ringer’s solution at 
pH 7.0 were added to the cellophane cham- 
ber in order to maintain the filter paper at 
the proper degree of wetness. The results 
obtained with gamma rays are presented 
in Table tv. In Figure 6 the extent of tumor 
takes in percentage is plotted against time 
of treatment in hours. 

As may be seen from the data in Figure 
6, the transplantability of mouse sarcoma 
No. 180 was not altered appreciably by an 
exposure of from one to three hours to the 
gamma rays from 4 grams of radium under 
the conditions of the experiment. At four 
hours’ exposure partial inhibition and 
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MOUSE SARCOMA NO, 
ELEMENT, FILTER EQUIVALENT TO 2. 


Duration of 
Exposure 


(hours) 


Controls 


Controls 


Controls 


4.0 


oO 


Controls 


6.5 
7.0 
Controls 


7.0 
8.0 
Controls 


8.0 


oO 


No growth. 


May 


» 19354 


AFTER EXPOSURE TO GAMMA RAYS (4 GM. RADIUM 


-5 MM. CELLULOID FILTER) 


Remarks 


2 tumors grew slowly; others grew 
rapidly. 

Rapid growth. 

3 tumors grew slowly; others grew 
rapidly. 

1 tumor did not grow; others grew 
rapidly. 

1 tumor did not grow; others grew 
rapidly. 

Rapid growth. 

Rapid growth. 

8 tumors did not grow; others grew 
slightly below normal. 

16 tumors did not grow; others grew 
slowly. 

1 tumor did not grow; 2 grew slowly: 
others grew rapidly. 

10 tumors did not grow; others grew 
slowly. 

22 tumors did not grow; others grew 
very slowly. 

No growth. 

No growth. 

Rapid growth. 

14 tumors did not grow: 8 grew slowly; 
others grew very slowly. 

20 tumors did not grow; 2 grew slowly: 
others grew very slowly. 

22 tumors did not grow; others grew 
very slowly. 

Rapid growth. 

14 tumors did not grow; others grew 
slowly. 

16 tumors did not grow; others grew 
very slowly. 

No growth. 

Rapid growth. 

14 tumors did not grow; 2 grew slowly; 
others grew very slowly. 

22 tumors did not grow; others grew 
slowly. 

No growth. 

No growth. 

3 tumors grew slowly; others grew 
rapidly. 
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slightly delayed growth were observed. 
Marked inhibition and retardation of 
growth was caused after from five to six 
hours’ exposure. The viability of the tumor 
was completely destroyed by seven hours’ 
exposure. 

As in the case of roentgen irradiation, of 
the 78 tumors which survived the gamma 
irradiation, the times of exposure being 
from 4 to 6.5 hours, 60, or 77 per cent, 
grew at much below the normal rate and 
only 18 tumors showed rapid growth. In 
some cases the retardation of tumor growth 
continued for several weeks, and the tumor 
subsequently underwent complete regres- 
sion, while in the others retardation lasted 
only from two to three weeks and growth 
was normal thereafter. 


The Influence of Time Factor in Irradiation 
of Mouse Sarcoma No. 18o 


What réle the time factor will play in 
irradiation has been extensively reviewed 
in a recent article by Pack and Quimby.® 
It shows that some authors claim that 
the alterations in the factors of time and 
intensity have no significance in the appli- 
cation of a given dose, while others claim 
greater biological effects with less intensity 
and longer duration of irradiation, while 
still others claim greater biological effects 
with higher intensity and shorter duration 
of irradiation. 

In the following experiments we sought 
to determine whether the time factor has 
any significance in the present study. The 
output of the roentgen machine was ad- 
justed so that the ratio of time was ap- 
proximately 1 to 5. For the lower intensity, 
the tumor fragments were irradiated un- 
der the following conditions: 165 kv., 30 
ma., 1.7 mm. copper and 0.4 mm. alumi- 
num filters, and 50 cm. distance. Under 
these conditions the tumor tissues received 
9.5 r per minute. For the higher intensity, 
the setting was the same as that of the 
preceding experiments. The tumor mate- 
rials were taken from the same animals and 
the fragments were exposed to the higher 
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and lower intensities on the same day. The 
respective exposure times for the fragments 
were 3, 3.75, 4.5, 5.25, and 6 hours for the 
lower intensity and 30, 45 and 60 minutes 
for the higher. The data obtained are given 
in Table v. The values obtained from the 
higher intensity were also included in the 
curve given in Figure 7. 

From this curve, showing the results 
obtained with radiation of different inten- 
sities, it will be seen that the percentages of 


1500 2000 2500 3000 3500 400 
Roentgen Units 

Fic. 7. Survival curve of mouse sarcoma No. 180 
exposed to radiation of different intensities. 
@ =tumor fragments exposed to 165 kv. roentgen 
rays, filter 1.7 mm. Cu+o.4 mm. Al, intensity 
=9.5 r/min. 
© =tumor fragments exposed to 200 kv. roentgen 
rays, filter 0.5 mm. Cu+1.6 mm. Al, intensity 
= 44.7 r/min. 


tumor takes which follow exposure to 
radiation of lower intensity and longer 
duration were nearly the same as those ob- 
tained from exposure to radiation of higher 
intensity and shorter duration when the 
total output in roentgens was the same 
(ratio of time 1:5). Accordingly under 
these conditions the Bunsen-Roscoe Law 
is applicable. 
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V 
RESULTS OF TRANSPLANTING MOUSE SARCOMA NO. 180 
AFTER EXPOSURE TO FILTERED ROENTGEN RAYS 
(165 KV., 30 MA., 1.7 MM. CU-+0.4 MM. AL FILTER) 


Duration of 
Exposure 


Growth of Trans- 
High Low | plants 
Intensity | Intensity (per cent) 
(minutes) | (hours) 
| 100 100 
| 100 | 100 
30 1341 | g2 gc 
3-0 1710 83 80 
45 2012 50 58 
3-75 2138 
4.5 2565 40 30 
60 2682 17 33 
| 2992 10 
6.0 342¢ | 
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Discussion 


The main purpose of the study was to 
compare the lethal effect produced by gam- 
ma rays on a transplantable mammalian 
tumor with that produced by roentgen 
rays at 200 kv. From the experimental data 
of Failla,' it is now possible to calculate 
the gamma-ray emission of the radium 
source in terms of ‘“‘equivalent’’ roentgens 
per minute, the equivalence being based 
on the relative effectiveness of roentgen 
rays and gamma rays in producing a given 
biological effect, in this case the killing 
of tumor cells irradiated in vitro. 


Tas_e VI 
Per centof| 200 kv. Gamma Ratio 
Tumor X-Rays Rays | Equivalent 
Takes | (roentgens) | (minutes) | r/min. 
80 1500 210 
70 | 1625 228 a3 
60 1750 | 246 | 2.3 
50 1875 | 264 7.1 
40 2050s 288 7.1 
30 2250 | 312 | 7.2 
20 2450 342 Pe 
10 2650 37 
Average (equivalent roentgens per 
minute) 7.1 


» 1934 


) 
Table vi was prepared. In Table vi column 


2 are given the doses of filtered roentgen 
rays expressed in roentgens for different 
percentage of tumor takes. In column 3 
are given the corresponding exposures to 
the radium pack expressed in minutes. 
Dividing the values in column 2 respective- 
ly by those in column 3 we obtain the 
ratios of column 4, which represent the 
“equivalent” roentgens per minute of the 
radium pack at the 6 cm. distance. It will 
be noted that these ratios differ very little 
throughout the range. This indicates that 
the nature of the effect produced by hard 
roentgen rays and gamma rays on mouse 
sarcoma No. 180 irradiated iv vitro is es- 
sentially the same. But our experiments in 
themselves are not sufficient to determine 
the relative effectiveness of the two qual- 
ities of radiation. 

We can, however, compare our results 
with those obtained by other experimenters 
at the Memorial Hospital who have used 
the two sources of radiation under the 
same conditions.! The results of these ex- 
periments have been summarized by Failla 
in Table 1 of Part vit of the Symposium. 
Our ratios of Table vi are directly com- 
parable with those given by Failla. The 
radiation emission of the radium pack at 
6 cm. determined with a spherical, thin- 
walled, celluloid ionization chamber, is 
9.5 “equivalent”? roentgens per minute, 
as compared to 7.1 for our experiments. The 
corresponding values obtained by bio- 
logical experiments using wheat seedlings, 
Drosophila eggs and mouse tails are 11.4, 
15 and g “equivalent” roentgens per min- 
ute respectively. It will be seen, therefore, 
that there is no very close agreement 
among the results of these physical and 
biological determinations. The difference 
in the results indicates a difference in the 
relative biological effectiveness of roent- 
gen rays and gamma rays. But since bio- 
logical experiments of this sort are subject 
to experimental errors of considerable mag- 
nitude, it is not possible at present to 
state that the difference is significant. 


From the data given in Figures 3 and 6, 
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Summary 


1. The effect of 200 kv. roentgen rays 
and gamma rays from 4 grams of radium, 
on mouse sarcoma No. 180 has_ been 
studied. 

2. The viability of the mouse sarcoma 
was completely destroyed by ten minutes’ 
exposure to unfiltered roentgen rays, a 
dose of about 2,400 roentgens. 

3. The viability of the mouse sarcoma 
was totally inhibited by sixty-three min- 
utes’ exposure to the filtered roentgen rays, 
a dose of about 2,800 roentgens. 

4. The viability of the mouse sarcoma 
was completely destroyed by seven hours 
of exposure to the gamma rays. 

s. In all three instances, about three- 
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fourths of tumors which survived the roent- 
gen and gamma radiations grew at much 
below the normal rate when the tumor 
fragments received a dose greater than 
about 60 per cent of the full lethal dose. 
In some cases the retarded tumor growth 
continued for several weeks and the tumor 
subsequently underwent complete regres- 
sion, while in the others retardation lasted 
only from two to three weeks and growth 
was normal thereafter. 

6. The Bunsen-Roscoe Law is applicable 
within the limits investigated for the roent- 
gen irradiations of the tumor tissues. 


I wish to express my thanks to Dr. G. Failla for 
his cooperation and helpful suggestions during the 
course of the present study. 
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(4) Surface back-scattering. 
B. Biological effect. 
(1) Dependence on quality. 
(2) Biological dosage. 
(a) Skin erythema. 
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(4) Deep-seated reaction (mucosi- 
tis). 
C. Clinical application. 
(1) Indications. 
(2) Clinical response and immediate rx 
sults. 


SUMMARY AND CONCLUSIONS, 


INTRODUCTION 


HE evolution of roentgen therapeutic 

methods has, from the beginning, been 
intricately interwoven with the technical 
development of energizing apparatus and 
especially of generating tubes. As long as 
pioneer artisans had to toil with static 
machines or primitively constructed in- 
duction coils and with “cranky” gas tubes 
in which nothing would keep constant, the 
results in the treatment of human ail- 
ments, by force of circumstances, had to 
be variable, irreproducible and, above all, 
inconclusive. With the advent of the trans- 
former as an energizing source and a little 
later of the hot cathode Coolidge tube as 
the emitting source, some order was created 
in that domain in which the lesion was su- 
perficial or very near thesurfaceof the body. 
The more deep-seated lesions, however, 
had to continue to remain untreatable un- 
til about 1920 when, finally, through mod- 
ernization of roentgen engineering prin- 
ciples, the so-called “deep roentgen ther- 
apy” with 200 kv. was introduced. This, 
then, at once gave such an impetus to the 
whole art of the clinical application of 
radiation that the subsequent decade must 
be considered as the most fertile in the 
history of the entire science of radiology. 
Moreover, it appeared that the upper prac 
tical limit of technical development had 
been reached and that roentgenologists 
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could enjoy for a while the use of their 
newly perfected equipment, without fear 
that a change might be necessary before as 
much as a stabilization of an outfit was 
obtained, as had so often happened in the 
past. This assurance was apparently sup- 
ported also by speculative physical argu- 
mentation that not a great deal of increase 
in the energy delivered to the various tissue 
depths might be expected from further 
raising the voltage of the generating source, 
the harder rays “shooting through’ the 
tissues without further increasing the ab 
sorption. 


Yet we find that during the last few 
years a rather considerable number of 
machines have been constructed aiming 
to operate at voltages above 200 kv. peak, 
some of them being actually run at volt- 
ages as high as S00 to 1,100 kv. peak. It is 
the purpose of this paper (I) to consider 
the various types of such high voltage out 
fits from the engineering standpoint, and 

Il) to discuss their medical value on the 
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Fic. 1. Various sealed vacuum tubes for voltages above 200 kv. I. Gaiffe-Gallot Pilon tube (400 kv. constant» 
2 ma.). II. Siemens-Pantix tube (400 kv. peak, 5 ma.). II]. General Electric tube (340 kv., 10 ma.). IV. 
Westinghouse tube (300 kv., 10 ma.). V. Tuto oil-immersed protected tube (420 kv. peak, 5 ma.). VI. 
Osram-Kommandit (A.E.G.) tube (600 kv. peak, 
cylinder; g, lead glass and p, pertinax wall. Note: These tubes being reproduced from various sources, their 
relative size as shown in the illustration does not represent their true relative size. (These tubes are re- 
produced through the courtesy of the various manufacturers. ) 


basis of physical, biological and clinical 


observations, trying, finally, to arrive at 


certain conclusions concerning their appli- 
cation in practical therapy. 


I. ENGINEERING OF HIGH VOLTAGE 

ROENTGEN OUTFITS ABGVE 200 KV. 
A. Emitting source (tube design). 

(1) Sealed vacuum tubes. The construc- 
tion of sealed vacuum tubes for voltages 
above 200 kv. peak encountered several 
difficulties. First of all, the stress of the 
electric field would assume such tremen- 
dous proportions that the glass which was 


about 2 ma.): m, supporting spheres; s, protective 


used as wall material could not withstand 
it; then the large corona effect which de- 
veloped in the vicinity of the metal parts 
invariably led to puncture of the cathode 
neck and finally the copious back diffusion 
of the electrons from the anode produced 
a strong ionization near the cap of the 
anode neck with resulting damage to this 
end of the tube. More recently, by over- 
coming to a certain extent some of these 
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difficulties, as, for example, by replacing 
the ordinary glass with the stronger pyrex 
glass or porcelain, by providing protecting 
devices for the corona effect and by making 
use of the electron screen principle for the 
construction of the anode, roentgen tubes 
running at voltages as high as 300 to 400 
kv. could be built (Fig. 1), not a few of 
which are already being employed in cur- 
rent practice. Some of these 
are oil immersed and surrounded with 

lead protective shield, thus combining the 
idea of roentgen protection and high volt- 
age tube design in a rather simple manner. 
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Coolidge’ in 1930 introduced the so- 
called multisectional hot cathode roentgen 
tube (Fig. 2) which was the outgrowth of a 
laborious research work started some four 
or five years previously. The initial thought 
for the construction of this tube was given 
by the old Lenard cathode-ray tube which 
was modified by Coolidge in 1926 in order 
to permit the use of higher voltages (as 
high as 250 kv. maximum). Then the cas- 

cading method was applied, which in 1928 
permitted the construction of a three-sec- 
tion cathode-ray tube operating at 900 kv., 
but it was clear that the method would 


Fic. 2 


coil for 700 kv. (Memorial Hospital). 


. Coolidge two-section cascaded glass roentgen tube with grounded anode and high tension induction 
A, insulating cylindrical tank container of induction coil; K, 


core; 


B, primary; E, secondary; G, split aluminum spinning shield; H, spherical shield; 5}, 20 inch sphere which 
contains storage battery and remote controlled adjustable rheostat, W, and which connects to first section 
of tube; S:, 20 inch sphere connecting M conductor to second section of tube; P, narrow long brass cylinder 
serving as head of the tube; L, protective sheet lead envelope and 7, target. The tube operates with pump. 
(Published through the courtesy of Memorial Hospital, New York.) 


(2) Open tubes operating with a pump. 
In attempting to build tubes for still higher 
voltages, it became evident that with all 
innovations, the vacuum of the tube could 
no longer be controlled in a satisfactory 
way. The idea of sealing the tube had to 
be abandoned in favor of a more flexible 
arrangement which would permit the ac- 
tual pumping of the tube during the entire 
course of its operation. Two distinct roads 
were indicated in this respect by Coolidge 
and Lauritsen. 


lend itself to the building of tubes running 
at any desired voltage when the difference 
of potential was equally distributed among 
the individual sections.* The following year, 
by making use of the same principle, a 
roentgen tube was constructed in two sec- 
tions operating satisfactorily at 500 kv. 

(3 ma.), and soon afterward several tubes 
were made in three or more sections for 
still higher voltages. At the present time, 


* Tuve, Breit and Hafstad,® for example, were able to con 
struct a five-section cathode-ray tube operating at 1,900 kv. 


om 
| 
B K 


VoL. XXXI, No. 5 
this type of roentgen tube, which is from 
12 to 14 feet long, is used in several in- 
stallations running mostly at voltages be- 
tween 500 to 700 kv., but it can be built 

at least theoretically—for voltages as high 
as can be produced. A detailed description 
of the tube (as well as of the energizing 
outfit which first was an induction coil) 
can be found in a previous issue of this 
Journal.” Its essential feature is that the 
cathode is in the first section of the tube 
near the high tension end and the target 
in the last section at the anode end, 
which is grounded. Since the cathode-ray 
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At about the same time, Lauritsen” 
succeeded in constructing a high voltage 
roentgen tube on a somewhat different 
principle. He, too, started his work with 
the sectional glass tube, but applied the 
entire voltage to one end of the tube, in- 
stead of dividing it between the individual 
sections, as practiced in the Coolidge tube. 
Thus, in 1928, he was able to develop a 
four-section glass tube which without fila- 
ment, on the basis of the Lilienfeld effect, 
could be run up as high as 750 kv. In 1930, 
this tube was modified, providing it with 
a hot filament and giving it a better target 


Fic, 
tail; B, steel body; 
surrounded by ZL, protective sheet lead; 


water; 


beam must travel through the entire length 
of the tube, a magnetic focusing device is 
used to control the size of the focal spot 
at the target. This latter is made of tung- 
sten thick enough to stop the electrons at 
that particular voltage and is soldered by 
means of a copper plate to a brass chamber, 
through which cooling water is circulated. 
The roentgen rays are taken out either in 
an axial direction, through the target, or 


in an angular direction from the face of 


the target, in which case the tungsten is 
made thicker. 
glass one-quarter inch thick, the joints 
being sealed with wax. It may be men- 
tioned here that although this multisec- 
tional tube was primarily designed to run 
on an induction coil, it will operate on any 
other type energizing apparatus. 


3. Lauritsen porcelain roentgen tube, with grounded anode for 650 kv. 
H, head or ray emitting end, consisting of a narrow 


The envelope consists of 


(Harper Hospital). P, porcelain 
steel or brass cylinder, which is 


S, metal shield cylinder against back-diffusing electrons; F, fila- 
ment mounted in cup of the spherical cathode end; C, 


cathode stem; CS, cooling system using filtered tap 


concrete and lead protected wall of treatment cell. The tube operates with pump. 


design. Finally, in 1931, procelain bushing 
was introduced as wall material and the 
present so-called Lauritsen porcelain roent- 
gen tube constructed. The chief character- 
istics of this tube are that it is unisectional; 
that the filament-containing cathode end 
projects through the entire length of the 
tube within 20 inches of the target, the 
distance traversed by the cathode-ray beam 
being thus considerably shortened; that 
the anode end—as in the Coolidge tube— 
is grounded and, most important of all, 
that the envelope is made of thick porce- 
lain. The great advantage of using porce- 
lain as wall material lies in the fact that 
porcelain is more compact than glass and 
hence puncturing of the tube is practically 
avoided. On the other hand, the omission 
of elaborate internal shielding, which is 
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necessary in the glass tube, makes the con- 
struction of a porcelain tube relatively 
simple. The often heard criticism that a 
good vacuum cannot be maintained in 
porcelain is ill founded, for if the porcelain 
is glazed, no greater difficulty will be en- 
countered in obtaining a good vacuum than 
in a glass tube of equal volume. A detailed 
description of the porcelain tube can be 
found in the Review of Scientific Instru- 
ments,”** except for certain changes in the 
construction of the roentgen-ray emitting 
end depending on the scope for which the 
tube is designed and which therefore must 
vary in different installations. The tube 
which is used at Harper Hospital (Fig. 
3), and which embodies some innovations, 
is 13 feet long, and, briefly, consists of 
three parts: a porcelain transformer bush- 
ing, which forms the tail of the tube, start- 
ing with a diameter of 83 inches at the high 
voltage end and terminating conically with 
a diameter of 22 inches; a steel tank, which 
forms the body of the tube, starting at the 
wider end of the porcelain cone with which 
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Fic. 4. Lauritsen mid-grounded glass roentgen tube 
for 1,100 kv. (Kellogg Radiation Laboratory of 
the California Institute of Technology). The tube 
operates with pump. The treatment cell is sus- 
pended in a concentric manner around the 
grounded midportion of the tube. (Reproduced 
through the courtesy of the California Institute 
of Technology.) 
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it is joined together, passing through the 
wall of the treatment room to which it is 
grounded and terminating abruptly in the 
treatment room; and, finally, a small steel 
or brass cylinder which forms the head or 
roentgen-ray emitting part of the tube, the 
proximal end of the cylinder being attached 
to the steel tank and the distal end serving 
for the support of the target. In order to 
protect the porcelain from being punctured 
by the stream of electrons which result 
from cold emission from the anode stem, 
a metal shield, at ground potential, is ex- 
tended inside the larger end of the porcelain 
for a distance of about one foot. The fila- 
ment, which is made of annealed tungsten 
wire, is helical and is mounted in the cup of 
the spherical end of the cathode in such a 
manner that it can be easily removed, its 
replacement being necessary from time to 
time. We have two interchangeable heads 
of the tube, one of steel with a thin tung- 
sten disk target, and another of brass, with 
a little thicker gold disk target. In both, 
the targets are mounted at an angle so that 
roentgen rays can be taken downward, 
sideways and upward, but there are now 
tubes with an elliptoid target in which the 
rays can be taken out in four or even five 
different directions. All installations mak- 
ing use of the porcelain tube with the ray 
emission at the grounded anode end are 
operating at voltages of from s$co to 700 kv. 
this being, for the present, the upper limit 
of the tube. 

If, however, two of the above tubes are 
joined together, so that one end is con- 
nected to the positive and the other to the 
negative terminal of a high tension circuit, 
the midportion being grounded, the volt- 
age which the tube will stand may be 
doubled. Such a tube was installed by 
Lauritsen in the Kellogg Radiation Labor- 
atory of the California Institute of Tech- 
nology (Fig. 4). Its design resembles very 


much that of an ordinary cylindrical roent- 
gen tube using a metallic discharge cham- 
ber, except for the enormous dimensions, 
the tube being 31 feet long. The cathode 
end supporting the filament and the anode 
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end serving as target are located in the 
center of the tube, barely one foot from 
each other, so that the distance traversed 
by the cathode-ray beam is very short. 
The roentgen rays are taken out through 
four orifices of the lead shielded, grounded, 
midportion of the tube in four different 
directions, the treatment cell, the height of 
which corresponds to the jointed body of 
the tube, being suspended in a concentric 
manner around the tube. The tails, or arms, 
of this particular tube are built of three- 
sectional glass, several internal steel shields 
being used, for protection against punc- 
turing, but they may also be made of the 
more compact porcelain. The tube has been 
operated satisfactorily at 1,100 kv. We 
may mention here that a similar tube, but 
of smaller dimensions, is being constructed 
by the Kelley-Koett Company for voltages 
up to 500 kv. This tube (Fig. 5) is very 
compact, measuring only 7 feet in length, 
has a grounded metal body which is sur- 
rounded by protecting lead and its two 
ends are made of porcelain. Additional 
lead protection is provided around the 
anode and cathode to prevent stray radi- 
ation. The target being oil-cooled, the tube 
can withstand a current of 15 ma. at so 
kv. 

All these “‘open”’ roentgen tubes must 
be pumped continuously to maintain a 
good vacuum. Most of the pumping sys- 
tems used at the present time consist of a 
two-stage mercury vapor pump backed by 
a ““Megavac”’ oil pump. There is a liquid 
air trap in the vacuum line between the 
first vapor pump and the roentgen tube, 
for the absorption of the condensable va- 
pors thrown out from the tube walls and 
electrodes during operation. This pumping 
system, although it has the drawback of 
consuming a large amount of liquid air, is 
quite fast and efficient. The tube will con 
tinue to operate with a small leak and 
after it has been opened up for replacing 
the filament or some other reason, it can 
be started up again within a few hours. 
The pipe leading to the tube is made, as a 
rule,of steel and terminates in the grounded 
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body of the tube. More recently there is a 
tendency to use oil vapor diffusion pumps, 
which are similar to the mercury vapor 
pump, but among other advantages, con- 
sume considerably less liquid air. 


B. Energizing source (high voltage plant 
construction). 


The high voltage sources serving for the 
energization of the sealed vacuum roent- 
gen tubes up to 400 kv. are, in the main, 
built on the same principles as those used 
for 200 kv., except that they are made of 
larger dimensions or put together with a 
greater number of serial units.?:1°.16.26.28.40.41 
Likewise their mode of operation does not 
vary from that of the 200 kv. therapeutic 
apparatus. 


Fic. 5. Keleket mid-grounded protected porcelain 


roentgen tube for 500 kv. (operating with pump). 


The introduction of the tubes running 
on continuous pumping, however, necessi- 
tated some innovations of construction. 
Thus, if the multisectional Coolidge tube 
is used, the high voltage must be generated 
in such a manner that it becomes equally 
distributed between the individual sec- 
tions of the tube. On the other hand, if the 
entire voltage is applied to one end of a tube 
grounded at the other end or to two ends of 
a tube grounded in the middle, as in the Lau- 
ritsen tubes, it is necessary that the current 
be as freeas possibleof ripplesor fluctuations 
which may lead to flashovers or cold emis- 
sions, with resulting damage to the tube. 
We will discuss in the following the three 
main types of high tension generators 
which are employed at present for the ex- 
citation of the open vacuum roentgen tubes 
above 400 kv.: the induction coil, the al- 
ternating current cascaded transformer 
and the direct current constant potential 
cascaded transformer, but will consider 
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also other types of sources which through 
further engineering improvement might 
find medical applicability in the future. 

(1) The induction coil which until re- 
cently was used in only a few of the Euro- 
pean installations for therapeutic purposes 
was reintroduced in the United States by 
Coolidge’ in conjunction with the multi- 
sectional tube (Fig. 2). In this application, 
it consists of an insulating oil-filled cylin- 
drical tank, containing the core made of 
sheet silicon steel, the primary and second- 
ary windings and two arc-over protectors, 
one made of split aluminum spinning and 
the other of a specially constructed wooden 
spherical shield overlaid with narrow sheet 
aluminum strips. These two latter made it 
possible to go up with the voltage from 600 
to goo kv. If the tube is two-sectional, as 
in Figure 2, the lead to the first section is 
taken from the middle of the secondary 
through a metal sphere and a high tension 
conductor, and the lead to the second sec- 
tion directly from the high voltage end of 
the coil, through an oil bushing and a metal 
sphere which incidentally contains the 
storage battery for lighting the filament 
and the remote control adjustment. In 
case the tube has several sections, the volt- 
age is taken off from an equal number of 
sections, from the secondary, being careful 
that the distribution is uniformly divided 
between the various sections. The inter- 
rupter is of the hydrogen-filled, mercury- 
turbine type, and the sphere gap consists 
of an overhead grounded sphere and the 
terminal sphere of the coil, checked against 
a standard gap. 

The advantages of the induction coil as 
a roentgen energizing source at very high 
voltages, according to Coolidge,’ are that 
it yields a sharp peaked wave, the useful 
voltage being, even with a considerable 
load, higher than the inverse (Fig. 11), a 
fact which is of decided importance for 
two reasons, first because it permits the 
utilization of the maximum voltage pro- 
duced, if the tube is grounded at the anode 
end carrying the current in only one di- 
rection, and secondly because it makes pos- 
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sible the application of the sphere gap with 
certain reservations directly to the tube 
terminals; that the insulation required is 
less than would be the case with a sine 
wave; that the electrical and fire hazards, 
due to the high magnetic leakage, inherent 
in the open core, are diminished, and, final- 
ly, that the construction is of small bulk, 
simple and inexpensive. 

(2) The interrupterless alternating cur- 
rent transformer has found great favor in 
America ever since the inception of the so- 
called deep roentgen therapy. This was 
due chiefly to the high efficiency resulting 
from the small magnetic leakage present 
in the closed core and to the relatively 
simple mode of operation. The apparatus 
consists either of one or two transformers, 
connected in parallel, and yields from too 
to 300 kv. peak. By cascading several 
units, it is possible to produce voltages of 
any desired magnitude. There are already 
a number of installations using such units 
operating at 500 to 700 kv. and the one at 
the California Institute of Technology 
operates at goo to 1,100 kv. This latter con- 
sists of two banks of oil transformers, each 
containing five units of 200 kv. peak which 
are cascaded in the usual fashion. One 
transformer is connected to each end of the 
roentgen tube, the midportion of which is, 
as already mentioned, at ground potential. 

The advantages of an alternating cur- 
rent transformer in energizing very high 
voltage tubes are that the voltage wave 
stays at its maximum for a longer period 
than in the induction coil (Fig. 11); that 
the rise and fall of the wave is at an equal 
rate, this rendering rectification rather 
easy and making possible the application 
of the current to tubes with both terminals 
alive; that the operation is simple; that 
the electrical efficiency is higher than in the 
induction coil; that the high frequency os- 
cillations are greatly reduced and, finally, 
that the construction is rugged and, al- 
though more expensive than that of the 
induction coil, is still rather economical 
when compared to other types of installa- 
tions. 
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(3) The direct current constant potential 
transformer apparatus has been used for 
therapeutic purposes with great success, es- 
pecially in France. During the last few years, 
this type of energizing source started to cre- 
ate considerable interest also in the United 
States and there are now a number of out- 
fits in practical use. Perhaps the most wide- 
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spread among them is the type having an 
alternating current transformer, with two 
kenotron tubes and two condensers across 
the high tension circuit, in the so-called 
Latour connection. By cascading a number 
of these individual units, any desired volt- 
age may be obtained in a very simple man- 
ner. The energizing plant at Harper Hos- 


Fic. 6. Direct current constant potential porcelain tube roentgen plant for 650 kv. (Harper Hospital). I. 
Diagram showing the machine room with the six cascaded transformer units and the porcelain portion of 
the tube; the lead-protected treatment cell through the wall of which projects the grounded body and ray 
emitting head of the tube, and the overlapping control board which is in an adjacent heavily lead-protected 
room. II. Photograph of the machine room. III. Photograph of the treatment room. IV. Photograph of the 
control board, on the left control of the vacuum system, on the right control of the roentgen operation. At 

the top is mounted an ionization chamber for the permanent checkup of the roentgen output. The patient 

is observed through a periscope and verbal communication is made by means of microphones and loud 
speakers. 
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pital, which is of a similar type (Fig. 6) 
contains, for example, six 150 kv. units, 
each consisting of a step-up transformer, 
two kenotron tubes, two condensers of 0.05 
microfarad capacity, and a cascading trans- 
former of one-to-one ratio. The step-up 
transformers are fed by the alternating 
current of the power line through the in- 
termediary of the cascading transformers. 
The outside case of each unit is insulated 
from ground and charged up to the poten- 
tial of all of the preceding units, so that 
the electrical stress on any unit is only due 
to its own output. The units are connected 
in series with 175,000 ohms of wire wound 
resistance between each two. In this way 
rectification and filtering of the ripple is 
provided for in each unit with the result 
that the output is practically a pure direct 
current at any voltage. To prevent or 
minimize the effect of surging, and to pro- 
tect both the tube and the generating plant 
in case the vacuum should break down, a 
one-half megohm water resistance is pro- 
vided between the last unit and the aerial 
system. One end of the generating plant is 
grounded and the other end leads through 
the sphere gap and another metallic sphere, 
containing the filament storage battery and 
its control equipment, to the roentgen tube 
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Fic. 7. Sloan radio oscillator high voltage roentgen 
generator for 800 kv. (University of California). 
(Published through the courtesy of Dr. Sloan ) 


T. Leucutia and K. E. Corrigan May 


934 


which, as already stated, is likewise 
grounded at the anode terminal. 

The advantages of a direct current con- 
stant potential cascaded apparatus as a 
roentgen energizing source are that the 
voltage wave is practically a straight line 
(Fig. 11), leading to a maximum of efficiency 
and homogeneity in the output of the 
roentgen rays; that, for the same reason, 
it may be applied to tubes grounded at one 
end or middle; that the electrical efficiency 
is greatest; that the high frequency oscilla- 
tions are nil, this safeguarding against punc- 
tures; that the operation is very smooth 
and, finally, that the measurements car- 
ried out on a roentgen tube energized by 
it are constant and reproducible. It must 
be stated, however, that it is more ex- 
pensive than any one of the above men 
tioned outfits. 


) There are, of course, other types of 


generating sources which may be used for 
the excitation of extremely high voltage 
roentgen tubes, as for example the appara- 
tus based on the Witka,? 
etc., circuits. Some of these are already 
being constructed for use with sealed tubes 
up to 400 kv. peak, but they may be made 
also for tubes operating with a pump at 
higher voltages. Especially the Villard cir- 
cuit enjoys in this respect a very favorable 
position, its use as an energizing source 
becoming lately not infrequent. 

(5) A place entirely apart is occupied by 
the apparatus of Sloan,” the so-called 
‘radio-oscillator high voltage roentgen 
generator” in which the electrons are hurled 
against the target by the force of the highly 
positive anode. This apparatus was orig- 
inated in collaboration with Livingood, 
Exner, and Lawrence, in the Physics De- 
partment of the University of California. 
Through the courtesy of Dr. Sloan, we are 
able to publish the following brief descrip- 
tion of this unusual outfit (Fig. 7): Modern 
short wave high power radio technique has 
made possible a high voltage high fre- 
quency resonance transformer entirely free 
from insulating material, which can be 
mounted in an evacuated metal tank. One 
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end is grounded and the high voltage end 
freely supports a roentgen-ray target in 
the evacuated region. This resonance trans- 
former, which operates at 6,000,000 cycles 
per second, consists of about 12 turns of 
heavy copper pipe with an internal water 
cooling system wound into a coil about 14 
inches in diameter and equally long, and 
suspended by one end from the roof of the 
evacuated metal tank. A powerful radio 
transmitter sends its energy, not into an 
antenna, but into this resonance coil, which 
may be thought of as an antenna coiled 
up so that its radiation is negligible, the 
energy being dissipated instead by charg- 
ing the coil up to very high potentials. 
This radio frequency power is generated 
by a push pull oscillator using a pair of 
special short wave radio tubes which are 
continuously exhausted, and have easily 
renewable filaments. These tubes can de- 
velop 200 kv. continuously at their high 
frequency, but in order to keep the reson- 
ance transformer coil cool it is desirable 
to operate the circuit with 60 cycle a. 
instead of p.c. To increase their efficiency, 
the oscillators are very strongly biased so 
that their average power input is only 
about 40 kw. when generating 800,000 volt 
roentgen rays. The filament is surrounded 
by a negative grid which prevents the es 
cape of electrons except when the anode is 
near its most positive potential. An average 


emission of 5 ma. really be short 


may 


Fic. 8. Brasch and Lange impulse generator outfit for 2,500 kv. I. 
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pulses which exceed 400 ma. Since the cur- 
rent flows only when the anode (or target) 
is highly positive, the effect is practically 
the same as high voltage D.c. operation of 
an ordinary roentgen tube. The main 
vacuum chamber is a steel cylinder one 
meter in diameter and equally high, with 
a flat top plate welded to it. The flat bot- 
tom plate, which is sealed to it with wax, 
is suspended by cables and counterweights 
to give access to the interior for initial ad- 
justments of the coil and electrodes. The 

vacuum diffusion pumps use Apiezon oil 
instead of mercury, and require no vapor 
traps for voltages up to 800 kv. 

The outstanding advantages of this out- 
fit are its compactness, low cost and ex- 
treme ruggedness. No high voltage exists 
outside of the vacuum and the complete 
equipment occupies less than 6 by 12 feet 
of floor space, and is 12 feet high. No ser- 
ious breakdown can possibly occur. The 
operation is as steady as the voltage of 
the power supply lines. A second complete 
installation of this kind . just been made, 
with the aid of Dr. M. Li Avingston, at 
the Medical School of hd University of 
California, and is being used by Dr. R. S. 
Stone and his associates, for medical treat- 
ment. 

(6) We may include here two other 
sources of extremely high voltages which 
were primarily designed for the study of 
atomic nuclear disintegration, but which 


General diagram: Tr, transformer; V 


valve tube; R, resistance; C, condenser; MF, sphere gap; 7, vacuum tube; P, pump. II. Diagram of tube; 


a, metal disks; 4, cardboard disks; c, rubber rings; CS, cooling system. (Reproduced from Strahlentherapie'.) 
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eventually may be modified to serve for 
medical purposes. The one is the so-called 
impulse generator (Stossspannung) outfit 
of Brasch and Lange,‘ the other the static 
machine of Van de Graaff.* 

The impulse generator outfit was con- 
structed on the principle of Marx for a 
range of 2,500 kv., but there is now a 


Kic. 9. Van de Graaff static machine for 7,000 kv. 
(Wide World Photo). 
second installation under consideration for 
voltages as high as 7,000 to 10,000 kv. The 
increase of voltage is obtained by leading 
the current of a constant potential source 
through condensers charged in parallel and 
discharged in series to a terminal sphere, 
from which it flashes over to the ray emit- 
ting tube (Fig. 8). The energization occurs, 
as can readily be seen, in the form of im- 
pulses corresponding to the discharge dur- 
ation of the condensers, which in the 2,500 
kv. outfit is of the magnitude of 10~* to 
10~* seconds. Since the individual impulses 
represent large currents, a tube emission 
equivalent to I ma. continuous current 
may be obtained if only 1 impulse per 
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second energizes the tube. This particular 
form of energization permits the construc- 
tion of a very rugged ray emission tube. 
In the outfit of Brasch and Lange, the 
walls of the tube are made of alternate hol- 
low disks of metal and cardboard, inter- 
mediate rubber rings being used for in- 
sulation. The cathode end of the tube in- 
cludes a hot filament, and the anode end 
is fitted with a window in case cathode 
rays are produced or with a target in 
case roentgen rays are desired. A con- 
tinuous pump is provided for the main- 
tenance of the vacuum, and circulating 
water is used for the purpose of cooling. 
The entire generating source, including the 
tube, can be immersed in oil so that the 
complete outfit will occupy a very small 


space. Although the primary purpose of 


this installation, as already stated, was 
physical research, very recently Back and 
Halberstadter have undertaken certain in- 
vestigations from a medical standpoint. To 
take one single example, they found that 
the energy of a single impulse is so great 


that mice exposed to it from a distance of 


100 cm. died within a few days and that 
only after a 1000-fold reduction of the in 
tensity of the radiation could therapeutic 
investigations be started. 


The static machine of Van de Graaff 


(Fig. 9) yields voltages as high as 7,000 kv. 
Essentially it consists of two hollow spher- 
ical aluminum electrodes 15 feet in diame- 


ter, mounted on insulating pedestals of 


textolite, 6 feet in diameter and 24 feet 
high. Each of the spheres is charged to a 
potential of 3,500 kv. by means of paper 
belts, which operate self-exciting within 
the hollow pedestals by running vertically 
from the driving motors at the base to the 
pulleys within the spheres. The electrical 
charge carried up by the belts is conveyed 
to the spheres by collecting brushes and 
stored on their surface until a sufficiently 
high potential produces a flashover. Van de 
Graaff now has a vacuum tube under con- 
struction which may be placed in the space 
between the two spheres permitting a flow 
of steady constant potential current which 
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by exciting a target would lead to the emis- 
sion of roentgen rays more powerful than 
the gamma rays of radium. It is interesting 
that the worker operating this installation 
occupies the interior of one of the alumi- 
num spheres which is equipped with vari- 
ous control and research instruments. 

(7) Finally, we are including the method 
of Lawrence and Livingston™ for the gen- 
eration of very high speed electrons and 
ions without the use of high voltages, al- 
though the method is primarily designed 
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or the pulling force of the positive terminal, 
as in Sloan’s outfit, or, finally, by a com- 
bination of both, as happens in the mid- 
grounded tubes. The merit of the new 
method which was evolved during the past 
three years by Lawrence and Livingston” 
is that the speeding up of the electrons is 
brought about by a system of multiple 
acceleration with the aid of an oscillating 
electric field and an adjusting magnetic 
field. For this reason, the method can be 
applied to all charged particles, particular- 
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Lawrence and Livingston neutron radiation outfit. I. Diagram showing huge magnet for production 


of magnetic field and position of the vacuum tube between the S and N pole faces of the magnet. II. Dia 
gram of vacuum tube (viewed from above) and of source for the production of the oscillating electric field; 
4 and B, semicircular hollow plate electrodes; C, Faraday collectors; D, electrostatic deflecting plates: S, 
brass dividing wall, provided with slits. III. Diagram of multiple acceleration of ions: upper, showing the 
revolution of ions within the vacuum tube sideways, and lower, looking from above. As is noted, the ions 
(a) revolve in ever widening semicircles, gaining an increased energy on each crossing of the diametral 


region (4, c, etc.). (University of California. 
rence. ) 


for entirely different purposes than the 
production of roentgen rays. It can be 
readily seen from the preceding paragraphs 
that the electrons serving for the bombard- 
ment of a roentgen target are accelerated 
in a straight-forward fashion by increasing 
either the pushing force of the negative 
terminal, as is the case of most apparatus, 


I! and III reproduced through the courtesy of Dr. Law- 


ly to the positively charged protons and to 
all sorts of ions, thus greatly facilitating 
the study of physical nuclear excitation 
which may serve to explain to a certain 
degree also the phenomena of biological 
cellular excitation. Moreover, very recent- 
ly, Lawrence and Livingston announced 
the realization of the so-called “‘neutron 
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rays’ in quantities which may assume 
practical importance. These rays consist 
of particles emitted in a neutral state, that 
is, having neither a positive nor a negative 
charge, which, therefore, have great pene- 
trating power, being able to pierce the 
nuclear potential walls without obstacle. 
As we now know, the cathode rays, which 
are streams of negative electrons and which 
a few years ago were expected to acquire 
with higher voltages, up to 2,000 kv.,” a 
certain practical importance in the treat- 
ment of cancer, have failed to fulfill these 


expectations just because of the lack of 


penetration, the superficial layers of the 
cancer absorbing all of the radiation deliv- 
ered, in a manner similar to the absorption 
of the beta rays of radium, and nothing 
reaching the deeper parts. A beam of pro- 
tons, if produced in a pure state, may, in 
this respect, have an even worse fate, for 
the penetration, like that of the alpha 
particles of radium, is of still less efficacy. 
The neutron rays, however, by virtue of 
their zero charge may traverse all depths 
of a cancer or a human body in such a way 
and set up phenomena of such importance 
as to be of the utmost practical value either 
in single application or in combination 
with the already well-established irradi- 
ation procedures with roentgen or gamma 
rays. In the present arrangement of the 
California laboratory, they are produced 
in a stream of 10,000,000 neutrons a sec- 
ond and with a kinetic energy equivalent 
to 3,000,000 volt-electrons, but by further 
increasing the acceleration an equivalence 
of 10,000,000 volt-electrons or even higher 
is easily practicable. The method of gen- 
eration is, briefly, as follows: Deutons, 
which are the cores of the newly discovered 
heavy hydrogen atoms, or any ion if used 
for other purposes, are accelerated in a 
vacuum tube spirally to a desired speed 
and then whirled against a target which 
may be of various materials. As shown in 
Figure 10, the vacuum tube has the shape 
of a flattened hollow box made of brass, 
which is placed between the two pole faces 
of a huge magnet. By removing the cover 
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of the box, one may see: the filament above 
the diametral region, from which a stream 
of electrons passes along the magnetic 
lines of force, generating ions of gases in 
the tube; the 4 and B electrodes, not un- 
like duants of an electrometer, which pro- 
duce an oscillating electric field over the 
diametral region between them; S, brass 
dividing wall, which has slits of the same 
dimension as the opening of the nearby 
electrode for the passage of the spirally 
revolving ions from one electrode plate 
into the other; D, electrostatic deflecting 
plates, which serve to increase the radius 
of curvature of the paths of the high speed 
ions to allow them to enter the Faraday 
collector C, where they are hurled with 
the final speed acquired against the metal 
target. The acceleration is provided by the 
electric and magnetic fields, the first caus- 
ing the ions to move in resonance with the 
high frequency oscillations applied to the 
plate electrodes 4 and B, within the in- 
terior of the electrodes and the second 
bending them on a circular path so that 
they may pass from the interior of one 
electrode to the interior of the other. As a 
final result, the ions will revolve in ever 
widening semicircles, gaining an increased 
energy on each crossing of the diametral 
region. By properly adjusting the electric 
and magnetic fields, it is possible to bring 
about such a sharp focusing that the beam 
of high speed ions at the Faraday collector 
has a width of less than one millimeter. 
This beam then collides with the target. 
In the case of the deutons, from the impact 
result streams of protons and neutrons. It 
is interesting that the neutrons penetrate 
heavy atomic elements, as for example, 
lead, easier than light ones. In passing 
through paraffin, they smash hydrogen 
nuclei setting free recoil protons, the proc- 
ess being not unlike that observed in the 
course of absorption of roentgen quanta. 
Considering the richness of cancer and 
human tissues in the hydrogen element, 
one cannot conjecture enough about the 
value of these rays in their practical 
therapeutic application. 
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C. General lay-out. 

The general lay-out of high voltage in- 
stallations utilizing sealed tubes above 200 
kv. does not differ from the orthodox deep 
roentgen therapy units, as used for 200 kv.., 
except, of course, for the heavier lead pro- 
tection, which is necessitated both around 
the tube and in the walls of the treatment 
room. If, however, a tube provided with a 
pumping system is used, conditions change 
materially. Because of the increased thick- 
ness of lead which must be used, and es- 
pecially because of the large dimensions 
of the housing required to safeguard 
against the electrical hazards and the stray 
radiations emanating from the back of the 
tube, here architectural problems come to 
the foreground, forming, no doubt, the 
most important phase of the construction. 
In another publication” we have dealt iv 
extenso with -these problems, and would, 
therefore, refer those interested to that 
article. 


Il. MEDICAL APPLICATION OF HIGH VOLTAGE 
ROENTGEN RAYS ABOVE 200 KV. 

The effect of any therapeutic agent on 
the human body is best analyzed by study 
ing: (A) the physical state of the agent at 
the point of action; (B) the biological re 
action of the tissues, and (C) the clinical 
response of the lesion upon which it is used. 
In all instances the governing factors re 
main (1) the quality, (2) the quantity 
and (3) the energy, or amount absorbed, 
of the administered agent. We may study, 
although perhaps a little too academically, 
the therapeutic effect of the roentgen rays 
above 200 kv. from the standpoint of the 
same factors. 


A. Physical measurements. 

The roentgen rays being primarily a 
physical agent of a very complex nature 
and leading in the process of action to 
phenomena which are exceedingly difficult 
to interpret, every physical measuring pro- 
cedure must be chosen with much care 
and executed with great thoroughness. 

(1) Quality determinations. During the 
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course of time and especially since the in- 
troduction of deep roentgen therapy, a 
great number of methods have been sug- 
gested for the characterization of the qual- 
ity of a roentgen beam. A brief review of 
these methods, as applied at present for 
200 kv., may appear useful. They may be 
roughly divided into three groups (a) spec- 
trometry, (4) absorption measurements and 
c) voltage measurements. 

(a) Spectrometry. This is the most pre- 
cise from a physical standpoint because it 
permits the direct evaluation of two es- 
sential factors: the magnitude of the short- 
est wave length, and the spectral distri- 
bution of energy. Its application to prac- 
tical roentgen therapy, however, is difficult 
because of the cumbersome apparatus and 
greatly complicated technique involved. 

(4) Absorption measurements. These may 
be divided into three groups: indirect wave 
length determinations, half-value layer 
method and coefficient measurements (some 
also include the depth dose measurements). 
The determination of the wave length from 
absorption data was introduced by Duane‘ 
who measured the percentage of the radia- 
tion passing through | mm. copper or 4 mm. 
aluminum and from comparison with spec- 
trographic measurements plotted stand- 
ard curves which are used for reference. 
He called the value of the wave length so 
obtained the “effective wave length,” and 
defined it as the wave length of the mono- 
chromatic roentgen ray that has the same 
absorption as the whole beam of rays in 
any particular case. Later other similar 
methods were introduced, such as the 
“average wave length method” (Muts- 
cheller®®), the “true effective wave length 
method” (Taylor*’), the “bracket method”’ 
and some half dozen other methods for the 
determination of the effective wave 
length,*?:*7 all based on some sort of ab- 
sorption measurements. The _half-value 
layer method, which was one of the earliest 
and perhaps the most heralded of all qual- 
ity methods, is relatively simple: all one 
has to do is to determine the thickness of 
a filter (most commonly aluminum or cop- 
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per) necessary to reduce the intensity of 


the initial roentgen beam to one-half. Be- 
cause of its simplicity, it has found great 


Fic. 11. Comparison of the energizing waves of the 
three main types of apparatus: I. Diagrammatic 
representation of the voltage wave form of a coil. 
I1. Oscillograph of an alternating current trans 
former generator, the sine wave representing the 
voltage (550 kv. peak) and the half wave the cur- 
rent (average value 4 ma.). III. Oscillograph of a 
direct current constant potential cascaded trans- 
former generator, the upper line representing the 
voltage wave (soo kv. constant), there being prac- 
tically no rippling, and the lower thecurrent(s ma.). 


favor with many roentgenologists in Eu- 
rope and it seemed as though it would have 
sufficient accuracy to become of general 
practical use. More recently, however, 
Quimby,** by studying the quality of vari- 
ous radiations, all having the same half- 
value layer in copper, demonstrated that a 
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great difference in their depth doses, which 
is the most important factor from the 
therapeutic standpoint, may exist. A sim- 
ilar opinion was expressed by Holthusen 
and Gollwitzer,'® by Taylor,'’ and others. 
The various coefficient measurements in- 
clude the determination of the absorption 
coefficient, which, in the light of our pres- 
ent knowledge of absorption conditions, 
is a rather vague term and is assumed to 
represent the percentage of the initial radi- 
ation absorbed per unit thickness of filter; 
the attenuation coefficient which is more 
precise, and represents the percentage of 
the initial radiation transmitted per unit 
thickness of filter; the homogeneity co- 
efficient which is a function of filter and 
voltage, and some others. Lately, to better 
characterize the energy distribution in a 
beam as heterogeneous as the roentgen 
beam used for therapeutic purposes and to 
somewhat bridge across the gap existing 
between the above absorption methods, 
Pohle and Barnes,**? Burby and Barry, 
Pohle and Wright,** Wilsey*! and Taylor 
proposed that the full absorption curve 
(log 1 or log 1/lo plotted against filter 
thickness) in copper or aluminum be used 
for the specification of quality. According 
to Wilsey,** such a procedure has the fol 
lowing main advantages: It is uniquely re 
lated to the spectral distribution of the in- 
tensity, it discriminates more accurately 
between different qualities of roentgen 
rays than other methods of quality specifi- 
cations, it is adequate to distinguish radi 
ation having appreciably different absorp 
tions in tissue and, finally, other methods 
of roentgen-ray quality specification, such 
as effective wave length, half-value layer, 
absorption coefficient or homogeneity co- 
efficient, may be derived from it. 

(c) Voltage measurements. There can be 
no doubt that in the state of our present 
knowledge, spectrometry and the determin- 
ation of the absorption curves represent 
the best physical methods for the general 
description of the quality of a roentgen 
beam and that most of the other procedures 
have definite values in specifying certain 
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particular characteristics. Yet a perusal of 
the international literature dealing with 
roentgen therapy for the past ten years, 
for example, reveals the surprising fact 
that the overwhelming majority of roent- 
genologists still prefer to express the fac- 
tors pertaining to the quality of the radi- 
ation in terms of voltage and filterage by 
specifying the type of generating apparatus 
used, and adding rarely the value of the 
effective wave length, the half-value layer, 
or the absorption coefficient, merely to be 
complete. That such a procedure is not the 
most accurate, when it comes to trans- 
lating results from one apparatus to an- 
other, is quite obvious, but it has the ad- 
vantage that, when an apparatus is once 
standardized, it permits a duplication of a 
treatment on the same apparatus in a 
rather simple manner, assuming, of course, 
that all factors remain unchanged during 
the course of operation. Recently Taylor**:*’ 
has tried to find some basis which would 
permit the reproduction of irradiation con- 
ditions on all types of apparatus expressed 
in terms of potential. Working with volt- 
ages up to 230 kv. obtained from mechani- 
cally rectified and constant potential gen- 
erators, he measured the emission of a 
roentgen tube, as it varies with peak volt- 
age, with average voltage and with effec- 
tive voltage per unit tube current and 
found that when the potential is expressed 
in effective (root-mean-square) kilovolts 
and the filter remains the same, the roent- 
gen-ray emission of a tube is equivalent to 
that produced by very nearly the same 
constant potential. This, then, permits ex- 
pression of all radiations in terms of that 
excited by a constant potential generator, 
greatly simplifying the correlation of dif- 
ferent types of machines. It must be men- 
tioned, however, that Taylor’s investiga- 
tions did not include the very rugged, peak- 
topped potential obtainable from an in- 
duction coil source. 

In analyzing the suitability of the above 
quality methods for the characterization 
of the radiations emitted by various 
sources above 200 kv., we find that spec- 
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trometry is difficult to apply, necessitating 
the construction of special spectrographs*" 
and that the absorption curves, though of 
great aid in permitting an insight into the 
energy distribution of the particular beam, 
are of little value in establishing practical 
criteria from which some sort of a dose 
(principally erythema) dependence may 
be derived. Thus here, too, the indication 
of the voltage and filterage, with the 
specification of the type of apparatus 
used, appears preferable from a practical 
standpoint. However, because of the in- 
crease in the roentgen emission per unit 
tube current with increasing voltages, the 
difference of reading, and thus the error 
with various apparatus, will be considerably 
greater than in the voltage : ange below 200 
kv. A study of the exciting wave form and 
the dependence of the roentgen emission on 
it is very instructive in this respect. An in- 
duction coil source, for example, yields, as 
already mentioned, a very steep, peak- 
topped wave (Fig. 11), the excitation of the 
tube target occurring in the form of brief, 
abrupt impulses, whereas the alternating 
current generator produces a sine wave 
which is more broad-topped and which 
consequently bombards the tube target for 
a longer period, leading to a larger roent- 
gen-ray emission than the former. The con- 
stant potential source having a wave 
which is practically a straight line, assum- 
ing, of course, that there is no rippling 
present, produces the maximum roentgen- 
ray emission. Since in all these apparatus, 
the voltage is measured with a sphere gap, 
it is clear that the peak of the wave, re- 
gardless of its shape, is determined in every 
instance. This, then, gives a very false idea 
concerning the quality of the roentgen 
beam emitted, a fact which, as we shall see 
later, is of paramount importance in evalu- 
ating the dose (number of roentgens) which 
is necessary to produce a certain biological 
reaction, as, for example, an erythema. 
Theoretically, the ratio of the effective 
value to the maximum of a sine wave is 1.4 
and to the peak of an induction coil wave 
still a little more, but in the field of roent- 


644 


gen energization at very high voltages, this 
ratio dwindles down to a certain extent. In- 
asmuch as the short wave length limit of a 
roentgen spectrum depends on the maxi- 
mum of the exciting voltage wave an 
alternating potential machine may _ be 
brought, by properly adjusting the filament 
so that electrons pass only during the maxi- 
mum of the wave, to the point where it de- 
livers the same or nearly the same short 
wave rays as the constant potential ma- 
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the peak voltage must be found, if the sys- 
tem of specifying the quality of a certain 
roentgen beam in terms of voltage is to be 
continued. Perhaps the method of Taylor 
in determining the “effective (r.m.s.) vol- 
tage’’ may be extended also to potentials 
above 230 kv., but with this procedure, the 
filterage and the effect resulting from its 
variation must also be stated separately in 
every instance. 

Lauritsen® very recently advanced the 


Fic. 12. Calculated half-value layer (d:;) for monochromatic radiation between the range from | 


to 


2,200 kv. I. Aluminum. II. Water (Lauritsen). 


chine operating at an identical voltage (as 
measured by the sphere gap), but when it 
comes to estimating the intensity of the 
spectral distribution, which depends on the 
shape of the exciting wave, there will re- 
main a decided difference. In the induction 
coil apparatus, this difference is still more 
marked and is present also in the range of 
the short wave limit of the spectrum. It re- 
sults, therefore, that some other way of 
measuring or expressing the potential than 


idea that the quality of a roentgen beam be 
expressed in “equivalent voltage.”’ This he 
defined as that voltage which is required to 
produce radiation of equivalent wave 
length. In turn, equivalent wave length was 
characterized as that wave length of mono- 
chromatic radiation which has some pre- 
determined measurable property in com- 
mon with the beam in question. The at- 
tenuation in water was chosen as the most 
suitable measurable property, because it 
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nearly parallels attenuation conditions in 
the human body and because it can con- 
veniently be expressed in terms of half- 
value layer. A curve of this latter (Fig. 12, 
Il) was calculated for monochromatic radi- 
ation for the range Ico kv. to 2,200 kv., 
with the aid of attenuation coefficient val- 
ues obtained from the Klein-Nishina for- 
mula. The practical procedure of Lauritsen 
thus becomes a very simple one. The roent- 
gen tube is operated with the filters in place 
at the desired voltage, and the half-value 
layer of water is measured, best with a 
standard ionization chamber, for that volt- 
age. The value so obtained 1s then compared 
with the half-value layer of water for mono 
chromatic radiation as shown in the curve 
and the ‘“‘equivalent voltage”’ noted. Such 
a procedure has the great advantage, as we 
shall see later, that it permits a rather easy 
correlation of the quality and quantity 
number of roentgens) of radiation neces 
sary to produce a certain biological effect. 
We are also including a half-value layer 
curve in relation to equivalent voltages for 
aluminum which can be handled a little 
easier than water (Fig. 12, I). Aluminum 
was chosen, instead of copper or other ma 
terial of high atomic weight, to eliminate as 
much as possible the photo-electric absorp- 
tion, since it is assumed that the attenua- 
tion of the roentgen beam in light elements 
occurs above 100 kv. almost entirely by 
scattering. There is very little difference in 
this respect between aluminum and water. 
In carrying out the actual measurements, 
certain precautions must be observed in ad- 
dition to the usual regulations associated 
with ionization measurements, if a stand 
ard “‘free air” ionization chamber is used.” 
Thus the roentgen beam must be very nar- 
row to eliminate degraded radiation and 
must pass through the chamber centrally 
without hitting the side walls, to prevent 
wall effect; then, the side walls of the cham- 
ber must be made of light material, as for 
example aluminum, and _back-scattering 


from the opposite wall (floor, ceiling, walls 
of treatment room) must be avoided; fi- 
nally, 


the medium to be measured (alumi 


Voltages above 200 kv. 645 


num or water), as well as the limiting dia- 
phragm, must be placed at a certain dis- 
tance from the measuring volume of air so 
that they will not increase the ionization 
by scattering of their own. 

In concluding this very complex chapter 
of quality determinations, it seems to us 
that the Standardization Committee of the 
International Congress of Radiology would 
accomplish a very useful task in trying to 
establish a standard procedure of quality 
measurements in a manner similar to the 
quantity measurement. This would aid con- 
siderably in the unification of therapeutic 
results, especially when the higher volt- 
ages are applied more generally. 

(2) Quantity determinations. The intro- 
duction of the international unit, the roent- 
gen (r), in 1928 has greatly simplified the 
problem of the physical measurement of 
the roentgen quantity. Although much has 
been written since that time for and 
against this unit, it may be said that its use 
in practical roentgen therapy up to 200 kv. 
is now nearly general. Moreover, the work 
carried out by Glasser and Meyer,'! Glasser 
and Portmann,!” Behnken and Jaeger,” 
laylor,®*® Kaye and Binks,'* and Solomon® 
has brought the realization of the unit to 
such a fine degree of accuracy that an error 
of only +0.5 per cent is found in the vari- 
ous national laboratories serving as bureaus 
of standards. 

In extending the use of the roentgen for 
quantitometric measurements above 200 
kv., the question arises, however, whether 
or not the more penetrating roentgen rays 
do not influence the ionization of the air 
on which the realization of the roentgen is 
based in such a way that an appropriate 
correction may be necessary. As is well 
known, the International Committee of 
Standardization, in defining the roentgen, 
imposed certain conditions of measure- 
ment, but was careful not to specify the 
type of apparatus which must be used, 
thus leaving the experimental and practi- 
cal realization of the unit entirely in the 
hands of the various bureaus of standards. 

Juring the course of time, especially two 
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types of ionization chambers have been de- 
veloped, the “free air” chambers, in which 
the roentgen beam enters the volume of 
air to be ionized through a limiting dia- 
phragm, and the thimble chambers in 
which the volume of air ionized is sur- 
rounded by a wall which must be void of 
“wall effect”’ and independent of the wave 
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metric measurement of the ionization of 
the volume of air with increasingly higher 
voltage in the “‘free air” chambers, a fact 
which must also have a repercussion on the 
accuracy of standardization of the thimble 
chamber. One of these presumably is the 
presence of recoil electrons of very long 
paths which are set in motion in the neigh- 


Fic. 13. Depth dose curves: Dyp. 


length. The first are more suitable as pri- 
mary standard chambers, whereas the sec- 
ond are used chiefly in connection with 
dose measurements around the patient. A 
re-calibration of the second in values of the 
first is from time to time necessary. Now, 
as Failla, Quimby, Marinelli and Rose“ 
have found out, there are several serious 
difficulties which prevent the quantito- 


borhood of the chamber, adding to the 
ionization of the volume of the air meas- 
ured; another, the increasing fraction of 
the degraded radiation which is absorbed 
in increasingly larger volumes of air; a 
third, the corresponding increase in the ab- 
sorption of back-scattering of the degraded 
radiation, and so on. Obviously, further in- 
vestigations are necessary before the ques- 
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tion can be settled in a satisfactory man- 
ner. It may be mentioned, however, that 
Hermann and Jaeger found that the wall 
of the thimble chambers most frequently 
used in dosimetry is sufficiently thick to ab- 
sorb up to 600 kv. the secondary electrons 
from the neighborhood, and that Mayneord 
and Roberts,?* by comparing the air wall 
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connected celluloid ionization chambers 
and a large “free air” ionization chamber 
with the necessary precautions as men- 
tioned in the former paragraph were uti- 
lized for the purpose of comparison. The 
values referred to later are expressed in 
terms of roentgens as measured with these 
instruments, it being understood that their 
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chamber with the parallel plate chamber, 
traced the difficulty in this latter to recoil 
electrons in the surrounding air. 

We have used the roentgen in its mean- 
ing as determined for voltages up to 200 
kv. The Glasser condenser meter’ was em- 
ployed mostly around the patient and in 
absorption measurements, and small cable 


dose curves: D;. 


correction may prove necessary in the 
course of time. 

We would like to digress here for a 
moment to stress the fact that the expres- 
sion of the roentgen quantity in milli- 
ampere-minutes, as so often practiced for- 
merly, must be completely abandoned. 
First, there is such a variation in the in- 
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tensity (r/min.) of the roentgen-ray out- 
put in the higher voltage field in relation 
to potential and tube current that this can- 
not be expressed in simple numerical values 
convertible in time of exposure, and, sec- 
ond, the milliamperage loss depending on 
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some place in the direction of the beam 
(Fig. 6). In this respect, an additional 
daily control of all factors pertaining to 
dosage measurement is also recommend- 
able. 

3. Energy absorption problems. In at- 


Fic. 15. Effect of variation of size of fields on percentage back-scattering at 500 kv. constant. 


electrical conditions differs so greatly in 
various installations that the switchboard 
reading conveys a very rough idea at best. 
Even for the control of steadiness of an ap- 
paratus operating under well-known con- 
ditions, the milliamperage reading must be 
used with exceedingly great care and only 
in conjunction with a check-up ionization 
chamber, which must be kept permanently 


tempting to evaluate physically how much 
of a given quantity of radiation is ab- 
sorbed in the form of energy in the human 
body, some very great difficulties are en- 
countered. First of all, the beam of even 
the most homogeneous radiation used in 
roentgen therapy comprises rays spread 
over such a wide range of wave lengths 
that it is practically impossible to arrive at 
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precise laws for their absorption. Then, as 
Quimby and McNattin® have shown, 
there is a change in quality in the way of 
softening of every radiation which trav- 
erses a light atomic medium, as, for ex- 
ample, the human body, the change in- 
creasing with depth and size of fields; and, 
finally, the mechanism of absorption itself 
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be admitted, however, that so far the ef- 
forts in this direction have remained im- 
practical. Very recently Lauritsen”:” over- 
came the difficulty to some extent, joining, 
on the basis of certain practical assump- 
tions, the relation which exists between the 
quality (equivalent voltage) and quan- 
tity (r) of a given roentgen beam, through 


ttt 


5555551 
t 
t 


+ 
+ 
} 
3335 
333233 


if 
itt 
if 


ih 
+ 


Fic. 16. Decrease of percentage back-scattering with increasing voltages. 


is manifold. It was suggested that to elimi- 
nate all the above inconveniences, the ab- 
sorption alone be considered, on the as- 
sumption that equal amounts of energy ab- 
sorbed produce an equal effect. This led to 
repeated endeavors to express the roent 
gen dose administered to a patient in unit 
of energy absorbed, that is, in ergs, instead 
of roentgens, some standard medium being 
used for the purpose of comparison. It must 


the intermediary of energy absorption, 
with that of the biological dosage. This 
very interesting procedure will be dealt 
with in detail later, when discussing the 
biological dosage. 

If, thus, the problem of energy absorp- 
tion determinations cannot be solved for 
the present by direct physical measure- 
ments, there are certain indirect methods 
which permit the evaluation of absorption 
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conditions from a study of the distribution 
of the radiation within an irradiated volume 
of the human body. At least two of these 
methods are of unquestionable practical 
importance: (a) the determination of the 
percentage depth dose and (4) the estima- 
tion of the surface back-scattering. Both 
of these have the additional advantage 
that they make use of relative measure- 
ments, the error which may exist in the 
realization of the roentgen for higher vol- 
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that it determines the size of volume to be 
irradiated; the second and third are se- 
quences of the interaction of the absorbing 
medium and of the acting beam. The 
change in size of fields produces a variation 
in the amount of scattering and hence may 
be considered a function of this. A great 
deal of work has been done in determining 
the percentage depth dose values up to 20c¢ 
kv., as used in deep roentgen therapy, and 
one may affirm now that this problem has 


Fic. 17. Diagrammatic representation (after Rutherford, Chadwick and Ellis**) of the relations between the 
energies of the scattered quantum and the recoil electrons (shown by the lengths of the radius vector) 
for various angles of scattering. I, Av’ =650 kv. and II, Av’ =2,550 kv. 


tages thus falling away entirely. (a) The 
percentage depth dose, as is well known, 
represents the ratio of the roentgen in- 
tensity as measured at a given depth (usual- 
ly at 10 cm. = Di») of the absorbing body to 
the intensity as measured on the surface of 
the body. Its magnitude is influenced by 
three main factors: the skin target dis- 
tance, the amount of absorption and the 
amount of scattering. Concerning the first 
it may be said, as Lauritsen* pointed out, 
that it has no bearing on the amount of 
energy delivered at a given depth, except 


been solved quite satisfactorily. The value 
at Dy» rises in large fields as high as 40 to 
50 per cent. More recently through the ef- 
fects of Rees and Clark,** of Mayneord,”’ 
and others, some very accurate figures were 
also published concerning the equivalent* 
percentage dose of the gamma rays of 
radium, Di equivalent being from 60 to 
70 per cent. Obviously the D,, for the roent- 
gen rays filling the gap between 200 kv. and 
the gamma rays of radium must possess 


* “Equivalent” refers to the same skin target distance and 
same size field as employed in current deep roentgen therapy. 
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values which lie between 40 and 70 per 
cent. Indeed, measurements made by the 
various have confirmed 
this with the exception of one or two.“ 
Our own measurements were carried up to 
soo kv. equivalent and are in harmony 
with the others (Figs. 13 and 14). It was 
observed, however, that at least in two re- 
spects there was some deviation from the 
old isodose curves as measured for 200 kv. 
First, in the superficial layers, as for ex- 
ample D;, the percentage depth dose re- 
mained rather close to that of 200 kv., in 
spite of the increasing voltages (Fig. 14) 
and second, by decreasing the size of the 
fields below 400 cm.’ a relatively larger 
D,o value was obtained with increasing 
voltage (Figs. 13 and 14). (6) The back- 
scattering is important, as we shall see 
later, when estimating the erythema dose. 
In measuring its magnitude we found that 
the variation due to change of size of fields 
is of the same degree at the higher voltage 
(Fig. 15) as found at 200 kv., but that its 
amount decreases with increasing voltages 
(Fig. 16), the curve having a maximum 
value below 100 kv. equivalent, yet being 
quite pronounced in the range of deep 
roentgen therapy and then slowly decreas- 
ing. 

The explanation of the above phenomena 
in connection with the change in distribu- 
tion of the percentage depth dose and back- 
scattering with higher voltages is not an 
easy one. Perhaps a better insight may be 
gained by considering, at this point, the 
two processes which according to our pres- 
ent knowledge mainly govern the absorp- 
tion: the photo-electric and the scattering 
process. The photo-electric process was ob- 
served before the discovery of roentgen 
rays in connection with the hertzian rays 
and since then with all types of rays, such 
as ultraviolet, roentgen, gamma and cos- 
mic rays. It consists in the fact that atoms 
when struck by radiant energy emit slowly 
moving electrons, which, to indicate the 
mode of production, are called photo- 
electrons. Numerous investigators have 
proved that the process is a function of ab- 
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sorption of the radiation: whenever an in- 
dividual quantum is stopped by the mass 
of the atom, the whole energy of the quan- 
tum is absorbed by the atom, being con- 
verted into liberation of photo-electrons. 
In the range of roentgen rays, with which 
we are concerned, the photo-electric ab- 
sorption is greatest for the light elements 
(Al) and the tissues of the human body at 
about 60 kv. equivalent; for the heavier 
elements (Cu, Pb) it is higher. For the same 
reason, aluminum forms, as already men- 
tioned, a very suitable material for half- 
value layer determination in the higher 
voltage field, where its photo-electric ab- 
sorption is nil and the entire attenuation 1s 
due to scattering, whereas copper carries a 
certain amount of experimental error. The 
second process, that is, the scattering 
process, in its early stage was based on the 
theory that roentgen rays are electromag- 
netic waves. It was assumed that when 
such an electromagnetic wave traverses 
matter, each electron in the matter is set in 
motion in the same way, as, for example, 
the sound waves of a gun shot off at the 
edge of a forest set in motion all the leaves 
of the trees, and that due to this motion 
the electrons themselves emit scattered 
waves, as the leaves of the trees cause 
sound to be scattered—in the form of an 
echo—in all directions. In this form, the 


same wave length as the primary incident 
beam just the same as the echo is of the 
same pitch as the original sound. Very 
soon, however, it was found that this is not 
the case. In fact, it became more and more 
apparent that a softening of the rays oc- 
curs in the process of scattering. In 1922, 
Compton’ finally demonstrated by means 
of spectroscopic analysis that the scattered 
rays are of longer wave length than are 
the incident rays which produce them, and 
from this he elaborated the theory which 
is now universally known as the Compton 
effect. A primary postulate of this theory 
is that the roentgen rays and, for that mat- 
ter, all electromagnetic vibrations, are not 
waves but minute particles, or quanta, so- 
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called photons, shot, in the form of concen 
trated bundles of energy, with tremendous 
speed from their source. If such a quantum 
strikes the electron of an atom, with such a 
force that it cannot be absorbed (in the 
photo-electric effect the quantum is ab- 
sorbed), the collision may be compared to 
that of a golf ball striking a perfectly elas- 
tic football. If the impact is straight, the 
football will move forward and the golf 
ball will bounce back, but at any other 
angle, the football will recoil and the golf 
ball will shoot off at an angle with less 
momentum than it had when it struck. In 
a like way, each electron recoils when it 
scatters a quantum of roentgen rays re- 
moving some of the energy of the quantum 
and hence lowering its frequency (lengthen- 
ing itswave length or degrading itsquality). 
The direction of the recoil electrons is a 
function of the angle under which the quan- 
tum bounces off, and the range is the result 
of the force with which the incident quan- 
tum strikes and of the firmness with which 
the electron is bound in the atomic struc- 
ture (Fig. 17). Clearly, in the roentgen rays 
with which we are concerned the recoil 
electrons have a greater forward direction 
and range and are more numerous, the 
higher the voltage applied. It may be said, 
in this respect, that above 100 kv. equiva- 
lent, the bulk of the absorption in human 
tissue is represented by the formation of re- 
coil electrons. Of course, there remains a 
certain scattering without change in wave 
length, due to the collision of incident 
quanta with very tightly bound electrons, 
but the amount of this becomes progres- 
sively less as the voltage increases. 

When Compton® presented his theory 
before the Radiological Society of North 
America in June, 1924, he also included 
some photographs obtained by Wilson with 
the cloud expansion method. We are repro- 
ducing these photographs (Fig. 18) be- 
cause they demonstrate better than any- 
thing else the difference between photo- 
electrons and recoil electrons. In I, very 
soft roentgen rays were used. One may 
note in the path of the roentgen beam four 
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rather long tracks of photo-electrons and 
three spheres representing short range re 
coil electrons. In II, the rays were a little 
harder. Here the recoil electrons are more 
numerous, their tracks are longer and most 
of them show “‘tails’”” or, as Wilson calls 
them, ‘“‘fish-tracks,” the heads always 
pointing toward the roentgen source. F1 
nally, in III, the rays were hardest. Here 
one sees only recoil electrons, some having 


ic. 18. Wilson cloud expansion photographs showing 
difference between photo-electrons and recoil elec 
trons. I, very soft; Il, medium and III, hard 
roentgen rays. (Reproduced with permission from 
Radiology.*) 
longer and others shorter tracks, according 
to whether they move forward or at an 
angle with the incident beam. Of course, 
with further increase of the hardness of the 
rays, still longer tracks are obtained, so 
that the gamma rays of radium, for ex 
ample, produce recoil electrons the tracks 
of which measure in air at atmospheric 
pressure from I to 4 meters. 
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In returning to our subject, we may say 
the following in connection with the per- 
centage depth dose and _ back-scattering 
distribution. The absorption of the roent- 
gen rays of lower voltages in the human 
body leads, as already stated, principally 
to the production of photo-electrons. Above 
100 kv. equivalent, the Compton effect as- 
sumes an increasingly prominent part, and 
the higher the voltages, the greater the 
number and forward range of the recoil 
electrons. The falling away of the photo- 
electric effect leads to less attenuation of 
the primary beam in the superficial layers, 
whereas the increase in the Compton ef- 
fect insures a more uniform distribution 
with less back-scattering of the radiation 
throughout the irradiated volume. Dj will 
show a progressive increase in value (Fig. 
13) which in the smaller fields will assume 
also a relative increase and D, (Fig. 14) as 
well as the surface back-scattering (Fig. 
16) will appear relatively smaller when 
compared to the values of 200 kv. Of 
course, the heterogeneity of the primary 
beam and especially the variation of its at 
tenuation along the path due to the mul- 
tiple Compton shifting (formation of sec- 
ondary, tertiary, etc., recoil electrons) and 
the ultimate photo-electric absorption of 
part of the degraded radiation, will produce 
an influence in several ways, but this varia- 
tion, as a whole, will rather add than de- 
tract from the above values. 

We may also mention here that as very 
recent investigations have shown, radia- 
tions, when striking an atom, liberate, in 
addition to the negatively charged photo- 
or recoil electrons, also a_ positively 
charged particle, the so-called positron, 
which, however, because of its easy dis- 
integration, is extremely difficult to demon- 
Strate. 


It is possible, even probable, that roent- 
gen rays have a similar effect in the pro 
cess of absorption in the human body and 
that anticipating further increase of the 
voltage range, positrons may assume a 
practical importance which cannot be neg- 
lected. 
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B. Biological effect. 

(1) Dependence on quality. A very vo- 
luminous literature has been written on the 
question of dependence of the biological 
effect on the quality of the radiation given, 
but notwithstanding this, the problem still 
appears nearly hopelessly entangled in the 
realm of empirical argumentations. Some 
investigators believe that the biological ef- 
fect is purely a function of the physical 
quantity of the radiation administered, as- 
suming that equal quantities (equal num- 
ber of roentgens) produce an equal effect 
regardless of the quality; others, more cau- 
tiously, make the amount of energy ab- 
sorbed the responsible factor, stating that 
equal physical energies absorbed produce 
an equal effect and still others are of the 
view that, in addition to the factor of 
energy absorption, there is also a direct de- 
pendence on the quality of the radiation. 
We will try to consider the problem in the 
light of some new experiences gained in 
connection with the application of higher 
voltage roentgen rays. In doing so, some 
enlightenment may result by first differ- 
entiating between the “‘selective”’ and “‘dif- 
ferential” biological effect. These were de- 
fined by Russ and Scott** as follows: A 
‘selective’ action of an irradiation occurs 
when a beam in passing through a collec- 
tion of cells causes some varieties to be 
more affected than others, quite irrespec- 
tive of the variation in the intensity of the 
irradiation as it goes from one point to 
another or from plane to plane, whereas 
the ‘‘differential’”’ action occurs when dif- 
ferent biological effects take place in any 
particular tissue after exposure to radiation 
of different wave lengths, although the ac- 
tual amount of energy liberated in the tis- 
sues is the same. Clearly the first refers to 
tissue sensitivity and one may expect little 
or no change here from the introduction of 
higher voltages. Indeed, observing the ac- 
tion up to 500 kv. equivalent, we have 
noticed no difference in the established 
laws governing the radiation response of 
the various tissues, the cells of a lympho- 
sarcoma, for example, continuing to melt 
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away as rapidly as with the 200 kv. radia- 
tion and the cells of some adult tumors re- 
maining as refractory as before. It seems, in 
this respect, that there is no quality de- 
pendence. But with the differential effect, 
it is another matter. Former experimen- 
tal evidence,'®** and especially clinical 
observations, by comparing the 200 kv. 
radiation with the gamma rays of radium, 
showed that there is a proportionately 
greater biological effect with decreasing 
wave length. In extending the investiga- 
tions to 700 kv. (induction coil type) 
Failla and his coworkers® found that with 
wheat seedlings, Drosophila eggs and mouse 
tails, taken by themselves, there is no dif- 
ferential action of radiation with respect to 
wave length, but that in considering the 
skin erythema and other clinical phe- 
nomena, there is a very marked difference 
in the above sense. We have experienced 
the same thing with rays up to 500 kv. 
equivalent, mouse tails showing no wave 
length dependence whereas deep-seated tu- 
mors, which were influenced only moder- 
ately with the 200 kv. radiation, were made 
to disappear promptly with the 500 kv. 
equivalent radiation. In codrdinating these 
observations with the absorption measure- 
ments, as stated in the former paragraphs, 
we may perhaps venture the following ex- 
planation: In simple biological media, as, 
for example, wheat seedlings, Drosophila 
eggs, mouse tails, etc., the absorption con- 
ditions are very much like those in air and 
therefore it is only natural that here the 
same amount of radiation delivered, as 
measured in roentgens, that is, under iden- 
tical or nearly identical conditions, should 
produce the same biological effect, regard- 
less of the change in wave length. How- 
ever, if the medium is complex, as, for ex- 


ample, the human body, a great deal of 


variation may be expected. The gradual 
diminishing of the photo-electric effect and 
the increase in the number and range of the 
Compton electrons, on the one side, and 
the change of the scattering process and 
modification of the distribution of the ra- 
diation throughout the irradiated volume, 
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on the other, are functions which depend 
among others on the wave length of the 
primary beam. Since we are unable to 
measure properly the amount of energy ab- 
sorbed, except in terms of roentgens, we 
cannot state definitely whether the in- 
creased biological effect inherent in higher 
voltages is a result of increased absorption 
or of a differential effect. But we may state 
that, in either case, the variation in the 
wave length is the all important factor 
which has brought about this effect. Thus, 
while we may not be capable of proving 
with our present methods that there is a 
differential action of the rays depending 
directly on the wave length, we must at 
least admit that there is an indirect de- 
pendence, which means that the quality of 
the radiation plays a great part in de- 
termining the quantity of radiation (num- 
ber of roentgens) which must be adminis- 
tered in a given case. This, then, brings us 
up to the point of biological dosage. 

2) Biological dosage. For a long time 
attempts have been made to find some sort 
of biological indicator which would permit 
the accurate conversion of physical data as 
measured in a laboratory into biological 
effect as observed on a patient. It was felt 
that physical units, although very precise 
under rigid conditions and the circum- 
stances under which they are measured, do 
not and cannot express phenomena which 
occur in the application of the radiation to 
a mass of living tissue. However, for 
reasons which have already been men- 
tioned in discussing the quality effect in 
various media, and for other reasons, so 
far all efforts have remained fruitless. The 
clinical radiologist, therefore, must con- 
tinue to determine his own biological dos- 
age on the basis of certain reactions which 
he notices on the patient, but he should ex- 
ercise care by codrdinating his observations 
with available physical data which he then 
must use for the stabilization of the radia- 
tion output in that particular instance. 
There are especially two biological reac- 
tions which may serve as guiding points 
in this respect: (a) the skin erythema and 
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(b) the reaction of the tissues around the 
irradiated tumor. 

(a) Skin erythema. It appears super- 
fluous to reopen here the discussion con- 
cerning the many advantages and still 
more disadvantages attributed to the skin 
erythema as a unit of dosage, and thus to 
revive certain prejudices which have been 
formed around this most heatedly debated 
problem in the science of radiology. The 
fact remains that until a satisfactory 
method is devised for the measuring at the 
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agree well with practical observations, he 
then determined the number of ergs (1.4 


x 10‘ ergs) absorbed per cm.’ of the skin to 


produce an erythema (in the voltage ranges 
known). Finally, by using water as absorb- 
ing medium, he calculated the number of 
roentgens necessary to produce at any wave 
length the absorption of an equal number 
of ergs (1.4 X10‘ ergs) per cm.? of a surface 


layer 1 mm. thick. The result of this pro- 
cedure was that he was able to plot in the 
form of a curve (Fig. 19) the number of 


Fic. 19. Calculated curve of Lauritsen, indicating total number of roentgens required to cause absorption 
of 1.4 X104 ergs per cm.” of a surface layer of water 1 mm, thick. This should be approximately equal to 
an erythema dose; kv. expressed in equivalent voltage. 


point of action of the amount of energy 
absorbed per cubic centimeter of tissue, 
which must be the ultimate goal of physi- 
cal measurements, the skin erythema will 
continue to be used in clinical therapy as a 
unit of measurement. Lauritsen”.** recently 
succeeded in bridging over the gap between 
the physical and biological dose in a very 
ingenious manner. He proceeded by con- 
verting the “roentgen” unit of quantity 
into the “erg” unit of energy and calcu- 
lated the actual energy in ergs per cm.? for 
a quantity of radiation equal to 1 roentgen. 
On the basis of certain assumptions which 
cannot be justified theoretically, but which 


roentgens, that is, the physical quantity 
of the radiation, which must be delivered 
to the skin to produce an erythema, that 
is, the biological effect, for the range of 
voltages from 20 to 2,200 kv., large fields 
of exposure being used. As one may note, 
such a solution of the problem does away 
with many of the so-called “‘peculiarities”’ 
of the skin erythema dose. To take one ex- 
ample: It was hitherto thought impossible 
to explain why, for instance, 600 r pro- 
duces an erythema at 200 kv. peak, whereas 
with radium one must administer more 
than three times as much (in the neighbor- 
hood of 1,600 to 2,000 r) to obtain the same 
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erythema. A “peculiar” dependence of the 
skin on the wave length was blamed for the 
difference. In the light of the above calcu- 
lations, we now see that the variation is the 
result of a change in the scattering and 
mechanism of absorption of the radiation, 
and that, because of this, a proportionately 
larger amount of total energy must be de- 
livered to produce an erythema with the 
gamma rays of radium. 

In a series of over 100 cases, we have ex- 
perimentally observed the erythema for 
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fined by Glasser and Portmann" and not in 
the form of a “threshold,” as used by 
Duffy, McNattin, Copeland and Quimby. 
The variations in the erythema due to 
back-scattering, when changing the size 
of fields, were calculated according to the 
curves shown in Figures 1§ and 16, and 
they gave a fair approximation to reality. 
Perhaps we should also mention that there 
seems to be some difference of appearance 
in the erythema at higher voltages, a 
desquamation of the skin, for example, oc- 


total 2 SUD. Technique 


I. 400 kv, 7 mm steel, ; m 
Cu, 2mm Al, 2 mm cel. 
6 ma, 60 cm std. 


total 3 SUD. 1 SUD = 1100r 


. 200 kv, 1 mm Cu, 1 
20 ma, 60 cm etd. 
1 SUD = 670 r 


mm Al 


total 4 SUD 


. Mixed radiation: 1/4 SUD (I and II) altern. or 


1 eac 


h side (24 days): total 6 SUD 


Fic. 


20. Various methods of irradiation to obtain an approximately equal biological 


reaction with two opposite fields of cross-firing. 


voltages up to 500 kv. (equivalent). The 
number of roentgens which were required 
to produce it harmonizes very well with the 
calculated figures of Lauritsen. In many 
instances, to obviate a possible error due 
to faulty reading of the instruments at 
higher voltages, we measured the time ele- 
ment which was necessary to produce the 
erythema at a given voltage and calculated 
the number of roentgens indirectly from 
comparison with the 200 kv. apparatus, 
where the measuring instrument could be 
used safely. We may state that the level 
of the erythema was taken in the sense de- 


curring at lower levels than with 200 kv. 
but this problem must be reserved for fur- 
ther investigation. 

(b) Deep-seated reaction (mucositis). 
Whereas the erythema, with all its in- 
conveniences, serves in the form of the 
above definition, as a good biological in- 
dicator of the effect of a certain quantity 
of radiation on the skin and on the tissue 
layers immediately beneath it, the effect 
on a deep-seated lesion can be studied only 
on the basis of a more complex clinical ob- 
servation. There are two locations in which 
the degree of the biological effect on a 


BIOLOGIC REACTION: CROSSFIRING 
Lesion: Ca nharynx 
2 lat. fields 
Tranv. dia. 12 cm. 
F cm. 
5.1/2 SUD (1) 
II 
| |_| |_| |_| | 
~ 


VoL. No. 


deep tumor, principally in case of cross- 
firing, may be judged fairly accurately 
from the reaction produced on the struc- 
tures of the neighborhood, such as the 
mucosa of the surrounding cavities and or- 
gans: the neck with the posterior oral 
cavity, pharynx and larynx, and the pelvis 
with the vagina, rectum and _ bladder. 
Figure 20 shows, for example, the irradia- 
tion of a carcinoma of the upper pharynx 
by four different methods extending from 
the single exposure method to the fraction- 
ated protracted Coutard method with 
mixed radiation. As is noted, the amount 
of radiation varied from 1 erythema dose 
per field if given at one sitting, to 3 eryth- 
ema doses per field if spread over twenty 
four days, the cross-diameter being only 12 
cm. and two fields (lateral) being used for 
the purpose of cross-firing. Under these 
conditions, we observed the following re 


actions of the tissues in the neighborhood of 
the tumor: in all instances, a reddening of 


the mucosa of the oral cavity and pharynx 
appeared within four or five days if the 
treatment was given at one sitting, and 
within twelve or fifteen days if the Coutard 
method was used; in the remaining, redden- 
ing occurred between the two intervals. 
Within a few days after the reddening a 
white fibrinous membrane formed through 
out the mucosa. In the case in which the 
dosage was heavier, this membrane _ be- 
came quite thick and after removal it pro 
duced bleeding as in diphtheria. It is in- 


teresting that the reaction of the skin of 


the face or neck always appeared after the 


mucositis was well developed, consisting of 


simple erythema in the lighter irradiations 
and of erythema with desquamation in the 
heavier irradiations. The mucositis sub- 
sided first, the reaction being completed 
within three to four weeks, whereas the skin 
change lasted considerably longer. Clini 
cally the patient developed, during the 
period of mucositis, sore throat, burning 
sensation, difficulty of swallowing and a 
very marked dryness of the mouth, this 
latter lasting to a lesser degree for several 
months. A second example is the irradi- 
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ation of a carcinoma of the pelvis (cervix) 
with the same methods, two fields (anterior 
and posterior) being used for the purpose 
of cross-firing. Here, too, a mucositis de- 
veloped at the intervals stated above and 
the skin erythema appeared later. The 
mucositis manifested itself clinically in the 
form of diarrhea, marked injection of the 
vagina with increased discharge and, when 
heavier irradiations were applied, in the 
form of bladder symptoms. In the cases in 
which additional radium was placed intra- 
vaginally, a diphtheric membrane formed 
around the site of the radium, resulting 
eventually in atresia of the cervix or even 
the entire upper vagina. In using the de- 
gree of these reactions as a comparative 
criterium and assuming that 110 to 120 
per cent of a skin erythema dose 
process of cross-firing—is the lower limit 
of a mucositis which manifests itself 
in the above clinical symptoms, we were 
able to estimate the biological dosage at 
various depths. By converting this dosage 
into a physical dosage as measured in phan- 
toms with various media (water, rice, 
paraffin, etc.), we found that there is a very 
close harmony between the two, indicating 
that the above figures represent, under the 
conditions specified, fairly approximate 
values which may be used with safety in 
practice. 


in the 


C. Clinical application. 


(1) Indications. If roentgen therapy 
with extremely high voltages seems feasible 
from the physical and biological stand- 
point, the question arises whether it is also 
indicated from the clinical standpoint. As 
already mentioned in the introductory 
remarks, the idea that 200 kv. therapy em- 
bodies the advantage of roentgen irradia- 
tion, as a whole, to such a high degree that 
nothing more, or very little, could be added 
from its extension beyond that point, 
seems to have gained much ground. Yet, 
if we analyze the subject from the point of 
view of what has been said in the preced- 
ing paragraphs, we will find that there 
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are three things in particular which are 
worthy of consideration: first, the in- 
crease of the differential action of the 
radiation with increasing voltages. It was 
evolved in paragraph B, 1, that this ac- 
tion is the result of better scattering and 
absorption characteristic of the more pene- 
trating rays. But whether or not the effect 
is an indirect one, or depends on the selec- 
tive function of the wave length, the fact 
remains that, in practice, it permits the 
administration of a proportionately larger 
amount of radiation with increasing volt- 
ages. Second, the increase of the total 
energy which can be delivered to obtain an 
erythema with increasing voltages. This is 
a natural sequence of the first. We find, for 
example, that if 600 r, measured on the 
surface of the skin, produces an erythema 
with 200 kv. peak (154 kv. equivalent) 
1,200 r may be administered at 700 kv. 
equivalent and over 1,800 r with gamma 
rays of radium, to produce the same eryth- 
ema. In deep-seated tumors, because of 
the somewhat better distribution of this 
radiation, the ratio of energy increase may 
assume an even more favorable aspect. 
That such an increase must have a bene- 
ficial effect in all radiosensitive tumors 
difficult to reach by the former (200 kv.) 
method need not be stressed further. It 
would be, indeed, most unusual if it were 
not so. But this, then, also indicates that 
the procedure of expressing the dose of a 
radiation in a given number of roentgens 
(e.g. 600 r) for all qualities of radiations, 
by assuming that an equal number of 
roentgens leads to the same biological effect 
would lead to a most unfortunate confusion 
in the practical application of radiation 
therapy. Presented in such a way, the 
erythema dose is undoubtedly the more 
preferable for the time being for clinical 
purposes. Third, the increase of the depth 
dose with increasing voltages. This serves 
to further improve the absorption con- 
ditions, and thus the biological action, 
with increasing hardness of the rays. 

(2) Clinical response and immediate re- 
sults. Because of the above difference in 
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action, we may expect that the use of high- 
er voltages will have at least two advan- 
tages in the treatment of malignant tu- 
mors as compared to the 200 kv. radiation: 
It will lead to the delivery of a larger 
amount of radiation to the deep-seated 
tumors with less injury to the skin and 
overlying tissues, and it will permit a more 
uniform irradiation of the tumor as a 
whole. Indeed, we have found that tumors 
which because of difficult cross-firing condi- 
tions could not be influenced satisfactorily 
by irradiation with 200 kv., as, for example, 
malignancies of the oral cavity, pharynx, 
or larynx, metastatic carcinoma of the 
glands of the neck, carcinoma of the pelvic 
organs, etc., were made to disappear 
promptly following the use of higher volt- 
ages (400 to 500 kv. equivalent) and that 
the skin or other surrounding structures 
were affected decidedly less than is cus 
tomary. Another advantage of technical 
importance is the fact that cross-firing is 
markedly simplified, a smaller number of 
portals being necessary to produce the de- 
sired effect. 

We may add, however, that as great as 
these advantages are from the point of 
view of improvement of the biological ac 
tion of the rays and the clinical response of 
the individual tumor, the group of neo- 
plasms, as a whole, continues to be gov- 
erned by the same general laws of radio- 
sensitivity as formerly. Highly sensitive 
tumors respond readily whereas the re- 
calcitrant tumors, although they may show 
some degree of improvement in their re- 
sponse, in the main continue to remain un- 
tractable also with the higher voltages. 
And, as to quoad vitam, the clinical ex- 
tension of the malignancy at the time of 
treatment still remains the supreme decid- 
ing factor. Every irradiation acting more 
or less as a local agent, although in a con- 
siderably broader sense than an operation, 
will fail to bring about a control of the 
malignant process whenever a widespread 
generalization has already taken place. For 
this reason, super-high voltage roentgen 
therapy, while it may be expected to lead 
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to decided improvement in the end-results 
of many, especially deep-seated, malig- 
nancies?’ by bridging the gap between the 
200 kv. and the gamma rays of radium, 
will not prove a panacea for the cancer 
problem as a whole. 


SUMMARY AND CONCLUSIONS 


The purpose of this paper is to present 
in general outline the recent contributions 
to the advancement of the roentgen thera- 
peutic armamentarium by increasing the 
voltage above 200 kv. The subject is dis- 
cussed from the point of view of technical 
development as well as of physical, bio- 
logical and clinical application of the radi- 
ation produced. The first entails the con- 
sideration of certain major points of tube 
design and of many rather complex prob- 
lems of engineering of electrical plants; 
the second requires the close codrdination 
of laboratory measurements with phenom- 
ena observed in living tissues. In extending 
the voltage range to fill the gap between 
the so-called deep roentgen therapy and the 
gamma rays of radium, certain regularities 
are noted which permit the establishment 
of curves indicating rather clearly the re- 
lation between the physical dose measured 
in roentgens and the biological dose ex- 
pressed, for example, in erythema or skin 
unit dose. It is proposed that, in practice, 
the following procedure be pursued in pre- 
scribing the irradiation in a given case: 
The quality of the radiation is expressed 
in eauivalent volts which is read from the 
curve in Figure 12 after determining, under 
the precautions indicated, the half-value 
layer in water or aluminum with the tube 
operated at the desired voltage and the 
filter in place. The dose is prescribed 1 
terms of a skin erythema or skin unit dose, 
the number of roentgens which is necessary 
to produce that erythema at any particular 
equivalent voltage being read from the 
curve in Figure 19. 
radiation which must be given to a tumor 
or lesion is then determined—in percentage 
of a skin unit dose—by the usual cross 
firing procedures, by taking into consider- 
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ation the range of the equivalent voltage 
used, the depth dose at the level of the 
tumor and the amount of back-scattering 
on the surface of the skin with various 
sizes of fields. In case mixed radiation is 
used, which we believe to be of decided ad- 
vantage, the individual dose for each type 
of radiation is calculated separately in 
terms of percentage of a skin unit dose for 
that particular equivalent voltage and the 
individual fractions added to make up the 
total dose. It is realized, of course, that the 
values so obtained may only be approxi- 
mate and that further observations may 
to some extent change the shape of the 
curves here included, but it is felt that at 
the present time, and until some sort of an 
energy absorption unit is introduced, this 
procedure is the simplest and, most im- 
portant of all, the safest from the point of 
view of least damage to the normal struc- 
tures. Perhaps it should be added that the 
curve relating the skin unit dose to the 
number of roentgens which are applied at 

various equivalent voltages to produce it 
is recommended only as a starting point 
and that the precise values for every par- 
ticular instance must be determined on the 
basis of clinical findings from personal ob- 
servation. 

All in all, it appears clear from the fore- 
going that the advances of the last few 
years have contributed enormously to the 
betterment of practical radiation therapy. 
In a time of such rapid progress, however, 
it is inevitable that a certain confusion 
here and there should arise. Moreover, 
when we see, just now, light, and for that 
matter, any sort of radiation, including 
roentgen rays, converted by routine ex- 
perimenters (Dirac, Oppenheimer, and 
others) into positrons and electrons, which 
are the bulwark of tangible matter, and 
when we observe the artificial production 
in large quantities of neutrons which pene- 
trate the electrical defenses of an atom in 
a somewhat paradoxical or even myste- 
rious way, does this not sound like an era 
of scientific poetry in which progress 1s 

made by leaps of imagination rather than 
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by the slow, rigorous procedures of reason- 
ing? Clearly then, many phases of the na- 
ture and action of radiations in general 
and their therapeutic application in par- 
ticular must await further more detailed 
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investigations. For this reason, as Laurit- 
sen, by whose recent work this paper was 
greatly inspired, so well expressed it, “‘radi- 
ology is still an art and probably will re- 
main so for some time to come.” 
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A QUANTITATIVE METHOD FOR STUDYING THE 
ROENTGEN-RAY ABSORPTION OF TOOTH SLABS* 


By STAFFORD L. WARREN, M.D., FRANCIS W. BISHOP, HAROLD C. HODGE, Px.D.,t+ 


and 


GRANT VAN HUYSEN, D.D.S.+ 


ROCHESTER, NEW YORK 


INTRODUCTION 


N ACCURATE, simple method of den- 

sitometric analysis of roentgenograms 
can be of great practical assistance in many 
fields of medicine. Study of the structure 
of thin tooth slabs by such a method in this 
laboratory has yielded data of considerable 
value with regard to normal and patho- 
logical tooth conditions.' A similar method, 
with suitable modification, might be a- 
dapted for the study of other parts of the 
body than the teeth. These studies must, 
of necessity, be restricted at first to the 
more opaque portions of the body. Prob- 
lems of theoretical, as well as clinical, im- 
portance, such as an investigation of nor- 
mal and pathological bone conditions, the 
sequence of events in the repair of frac- 
tures, the breaking down and healing of 
acutely diseased areas in bone, and a study 
of the deposit of heavy metals and other 
chemicals, may be attacked by this method. 
An accurate study of the changes brought 
about by the secretion or excretion of 
opaque media in certain soft tissue organs 
may also be feasible (Newell*). Measure- 
ments of the concentrations of solutions is 
possible, although the method here de- 
scribed is too cumbersome, as yet, to make 
this practicable. 

The greatest handicaps in clinical roent- 
gen densitometry are presented (1) by the 
non-uniformity of the material to be stud- 
ied, i.e., the variation from animal to ani- 
mal, and especially from person to person; 
(2) by the difficulty of obtaining identical 
positions and identical technique in repe 
titions of the roentgenograms for compara 


* From the Departments of Medicine (Radiology), Bio 
chemistry and Pharmacology, and Pathology, of the University 
of Rochester, School of Medicine and Dentistry, Rochester, N. Y. 

t Rockefeller Fellow in Dentistry. 
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tive studies upon the same subject, and (3) 
by the lack of a suitable standard by 
means of which comparative values may be 
obtained on different films, independent of 
film properties—physical or photographic. 
The use of thin tooth slabs for roentgen 
densitometry has, for the first time, given 
a suitable material with which to overcome 
the second and third handicaps mentioned 
above, and to a great extent, because of the 
uniform thickness and absence of superim- 
posed soft tissue, has made possible the 
study of the first, 1.e., the non-uniformity 
of the material. By the use of a thin tooth 
slab which may be roentgenographed at 
will, the limits of accuracy and reproduci- 
bility of the method may be measured 
quantitatively, an achievement which has 
not been possible in living material. 

Identical roentgenograms of a_ tooth 
slab, when measured by a densitometer, 
give varying results due to the differences 
in thickness of the emulsion, grain size, etc., 
of the different films. It was therefore sug- 
gested by R. B. Wilsey, of the Eastman 
Kodak Company, that a simultaneously 
exposed material might be used as a stand- 
ard of comparison, because then any varia- 
tion in the emulsion properties would give 
relatively the same variation in blackening 
under the standard substance. The absorp- 
tion of a given portion of a tooth slab, as 
measured on the film by the densitometer 
and expressed in exactly the thickness of 
aluminum necessary to give an equivalent 
absorption, provides an adsorption meas- 
urement that has been found to have a 
fairly high degree of precision. 

The use of a metal penetrometer as a 
standard was suggested first by Roentgen, 
who attempted to find a law relating trans- 
parency to thickness. Penetrometers have 
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since been used for a diversity of purposes, 
principally, however, to describe the hard- 
ness of a roentgen-ray beam for roentgeno- 
graphic or therapeutic work. No one, as 
far as we have been able to determine, has 
used a penetrometer to obtain quantitative 
interpolated values expressing the relative 
absorption of body tissues. A previous 
study by two of us (F.W.B. and S.L.W.*) 
expressed the relative absorption of certain 
body tissues in terms of photographic den- 
sity of the tissue image. Klein‘ made a 
study of comparative roentgen-ray absorp- 
tion of rats’ jaws and teeth, showing dif- 
ferences in absorption between normal rats 
and those fed on diets causing deficiency of 
calcific deposition. He used a lead sector 
disk to obtain a photographic density scale, 
and expressed the photographic density 
differences of the tissue images semi-quanti- 
tatively in percentages. He did not use a 
densitometer to measure the films. Scher- 
bel® measured certain dental films with a 
densitometer in order to obtain an opti- 
mum exposure. However, he used no pene- 
trometer as a standard. The combination 
of simultaneously exposing a penetrometer 
of suitable form and interpolating the den- 
sitometer readings in the film image of the 
tissue in terms of the corresponding thick- 
ness of the penetrometer is, in brief, the 
method, the details of which are described 
below. This method, therefore, entails the 
application of the principles of photo- 
graphic sensitometry (as described by 
Jones,’ Wilsey,’ et al.) to the roentgeno- 
gram of a body tissue, in order to study the 
normal and pathological changes in body 
tissues—in this case a tooth slab. 

Since the terms transparency, opacity 
and density are used in two senses in the 
study of roentgen radiation recorded by 
photographic emulsion, a definition and dif- 
ferentiation is given. 

A. In photographic studies, the ratio of 
the quantity of light transmitted by a film 
area to the quantity incident on that area 
is said to be its transparency. The recipro- 
cal of the transparency is the opacity. The 
density is defined as the logarithm of the 
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opacity. Since the logarithm of a number in- 
creases when the number increases, the 
density increases when the opacity in- 
creases; in fact, the terms opacity and den- 
sity are loosely used interchangeably. 

B. In roentgenographic studies, the ra 
tio of the amount of radiation transmitted 
by a material to the amount of radiation 
striking the surface of the material is said 
to be its radiolucency. The reciprocal of the 
radiolucency is the radiopacity, and the 
logarithm of the radiopacity is the density 
to roentgen radiation. Again, radiopacity 
and density are loosely used interchange- 
ably. 

Radiopaque areas in the tooth absorb 
more radiation and produce a film image of 
less density. Thus, when densitometer read- 
ings are made on the film images of radio- 
lucent and radiopaque tooth substance, the 
readings are larger in the radiolucent areas. 
Hence, a higher densitometer reading cor- 
responds to lesser radiopacity. 

The densitometer readings are interpo- 
lated into their equivalent thickness of 
aluminum by means of the density-thick- 
ness curve (see Procedure). A greater thick- 
ness of aluminum absorbs more radiation 
and gives a film image of less photographic 
density. Therefore, larger interpolated 
values in millimeters of aluminum are 
found for more radiopaque areas. 


MATERIALS 


Several slabs of teeth, about 1 mm. thick, are 
obtained by slicing a tooth longitudinally 
through its center by means of two parallel, 
corundum-vulcanite disks on a No.2 (watch- 
maker’s) lathe made by E. W. Derbyshire Co., 
Waltham, Mass. These moist tooth slabs are 
then surface-ground plano-parallel, with an al- 
lowable variation of not more than +0.01 mm., 
by the Precision Optics Department of the 
Bausch and Lomb Optical Company. 

The penetrometer used is made of 99.99 per 
cent pure cast aluminum supplied by the 
Aluminum Company of America. The pene 
trometer consists of two equal halves, each part 
being 15 mm. wide and 40 mm. long, having 
eight steps with a tread of 5 mm. depth. The 
steps were ground by the Bausch and Lomb 
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Company so that the first step is 0.25 mm. 
thick, each succeeding step being thicker by 
5.25 mm. so that the eighth and thickest step 
is 2.00 mm. in thickness. The maximum varia- 
tion in thickness of each step does not exceed 
+o.o1 mm. It is necessary that extreme care be 
taken in the machining of such a scale so that 
the tool does not catch and compress the 
aluminum, in which case a dense area will be 
produced which may be of designated thickness 
but of abnormal opacity to roentgen radiation. 

The film used is a §”X7” duplitized roentgen 
film. It was found that the cardboard folder 
and other types of cassettes used for holding 
films in ordinary roentgenography absorb rays 
unevenly and may cause some scattering of the 
radiation after it has gone through the tooth. 
Kor this reason each film is wrapped in the 
black paper used to cover larger films in pack 
ing. This affords sufficient protection from ex 
posure to light and absorbs a minimum of 
roentgen rays. The roentgen tube is a medium 
focus, 30 ma., radiator type of 
Coolidge tube, energized by an oil-immersed, 
single valve, half-wave rectified equipment. 
Pieces of 16X20 cm. sheet lead are placed un 
der the film, and are also used to mask off those 
parts not intended for exposure. 

\n enamel tray, 46X39 X cm., a seven-clip 


air-cooled 


Fic. 1. 


Half tone reproduction of roentgenogram 
showing tooth No. 1 above and tooth No. 2 be 
low, both between the two halves of the aluminum 


penetrometer. The thinnest steps of the pene- 


trometer are at the bottom of the picture. 
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Kic. 2. Densitometer readings (absolute density 
units) in the various steps of the scale and in se- 
lected areas of the teeth images. Note low readings 
in the enamel image and high readings in the den- 
tine image. The size of the circles indicates the 
relative size of the area measured in each densi- 
tometer reading. 


dental film developing holder, a camel’s hair 
brush 3 cm. wide, three quarts of Eastman 
roentgenographic developer, a Taylor bath 
thermometer, an Eastman interval timer, a 
tank of running water, a tank of Eastman 
roentgenographic fixing solution, and a dryer 
are used in the development procedure. 


PROCEDURE 


The following detailed procedure indicates 
the minimum requirements for a_ practical 
method of obtaining interpolated values for 
dentine and enamel in equivalent thickness of 
aluminum with an error of less than 5 per cent. 

A film is placed on a table beneath the roent- 
gen tube. A piece of sheet lead is interposed be- 
tween the film and the table top to prevent ex- 
posure to rays scattered by the table. One-half 
of the film is covered with another piece of 
sheet lead, and on the uncovered half, as near 
the center as possible, the tooth slabs are ar- 
ranged around and between the two parts of 
the aluminum step tablet. The edge of the tooth 
specimens should be approximately 3 to 4 mm. 
from the edge of the scale to avoid possible er- 
rors due to the scattering of radiation in the 
aluminum. The roentgen tube is then centered 
over this half of the film, at a distance of 38 cm. 
above the surface. The aluminum filter should 
be removed from the tube stand, for any non- 
uniform material between the target and the 
film and specimens will cause an unequal dis- 
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Kic. 3. The Capstaff-Purdy densitometer with film 
in place for densitometer readings. 


tribution of radiation striking the surface of the 
film, thus altering the density of the image. The 
exposure is then made for one second at 30 kv., 
30 ma. The exposure data* should be checked 
before uncovering any part of the film to make 
sure that they are correct. The peak voltage 
should be checked by sphere gap readings. The 
specimens and lead are interchanged on the 
film, and the other half of the film exposed un- 
der the same conditions as the first. Two or 
more films are similarly exposed and developed 
at the same time. 

The films are developed as soon as possible in 
fresh developer at a temperature of 65° F. for 
five minutes. The developing is done in a tray, 
and the films are brushed continuously, first on 
one side and then the other, with a camel’s hair 
brush. At the end of five minutes they are fixed, 
washed, and placed in a special dryer, so con- 
structed that no dust can collect on the sur- 
faces. 

After drying, the films (Fig. 1) are removed 
from their hangers and studied. Care in hand- 
ling the film is essential so that errors due to 
scratches, abrasions, finger marks, and dust do 
not appear in the densitometer readings. Film 
density should be measured as soon after drying 
as possible to reduce this hazard. Two or more 
(usually ten) readings (Table 1) are made in 


* Different tube and machine combinations give somewhat 
varying densities at the stated exposure conditions; a brief de- 
scription of a simple method for obtaining optimum exposure 
conditions is included in the discussion. 
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each step on both halves of the penetrometer, 
each time placing the small circle in the opal 
glass of the densitometer* in the same relative 
place (Fig. 2), and keeping the eye-piece arm 
in the same position. The average value of the 
densitometer readings is obtained thus for each 
step, and plottedf as ordinates (Fig. 4) against 
the corresponding thickness of the aluminum 
steps in millimeters. By use of the spline and 
dogs, a smooth curve is drawn through these 
points, thereby giving interpolated values for 
all densities corresponding to all thicknesses of 
aluminum between the limits of the thinnest 
and thickest step. The various portions of the 
specimens are then explored, the densitometer 
readings obtained are interpolated from the 
curve for that film (Fig. 5), and the values thus 
found express the density of the specimens in 
terms of millimeters of aluminum. These den- 
sity values in terms of millimeters of aluminum 
are tabulated (Table 1) and studied to deter- 
mine the changes, if any, that occur in different 
parts of the specimen, or the variations from 
specimen to specimen. 


25 
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Fic. 4. Average densitometer readings (units of 


density) are plotted as ordinates, thickness of in- 
dividual steps of penetrometer (millimeters of 
aluminum) as abscissae and a smooth curve is 
drawn using a spline. A densitometer reading of 
1.22 density units from the dentine image is inter- 
polated into its equivalent, namely 0.81 mm. of 
aluminum. 


* A Capstaff-Purdy densitometer (8), built and calibrated 
in density units (Fig. 3), is used to measure the density of the 
films. 

+ For plotting the data, blue-lined graph paper and a 4-foot 
celluloid draftsman’s spline and dogs are used. 
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DATA 


In the film presented as an example in the de- 
scription of the procedure, the densitometer 
readings are noted to vary fro:n a density of 
2.28 under step I to 0.48 under step 8. This 
variation, as may be expected from the laws of 
radiation, is roughly logarithmic. The readings 
under the same thickness of aluminum vary 
from 2.33 to 2.24 under step I, 1.63 to 1.67 un- 
der step 2, 1.25 to 1.27 under step 3, 0.93 to 
0.97 under step 4, 0.71 to 0.76 under step 5, 
0.59 to 0.62 under step 6, 0.49 to 0.52 under 
step 7, and 0.45 to 0.50 under step 8. Only a 
part of this seeming variation is real, since the 
densitometer is capable of repetition only to 
2 density units in repeated readings of the 
same uniform area. Therefore, a given reading 
in any uniform area may be considered as pre 
cise to +0.02 density units, with a standard 
deviation of +0.01 (data to be presented later). 
The larger the number of readings obtained in 
a given area, the more accurate the average 
value will be. The variations in the same step 
may be attributed to a variety of factors, in 
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Fic. 5. Interpolated values in the enamel and den 
tine in terms of millimeters of aluminum. Note 
high values in enamel and low values in dentine 
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which may be included film variations, graini- 
ness in the film, scratches, abrasions, etc. on the 
film, personal errors in observation, error in the 
densitometer, and inequalities in the pene- 
trometer. Unfortunately, many of these errors 
are not subject to experimental study. How- 


TaBLe_e | 
ROENTGENOGRAM TAKEN 12/10/32 
32 KV., 76 CM., 30 MA., IO SEC. 
NO FILTER, BLACK PAPER FILM COVERING. FILM NO, 


Alumi- 
num 
. 
Pene- Densitometer Readings Average 
trometer 
Step 
2 1.67 1.67 1.63 1.65 
3 1.25 1.27 1.25 1.27 1.26 
+ 0.93 9-97 93 2.9 2.95 
5 73 0.76 0.74 
6 9.61 59 62 6c 
7 0.49 2.51 49 §2 
8 0.45 ».48 47 2.50 0.48 
Tooth Enamel Dentine 
Densitom-, Inter- |Densitom- Inter- 
eter polated eter polated 
Readings| mm. Al | Readings) mm. Al 
I 0.69 .32 E22 2.31 
0.67 | 1.36 .26 
.37 77 
1.30 ».76 
1.28 5 
1.33 9.74 
2 0.72 1.28 82 
70 86 
1.27 1.22 81 
5.70 1.26 78 
86 
».85 
1.2 .82 
1.28 77 


ever, all of the errors which are experimentally 
measurable have been studied by us (data to 
be presented later). 

In the densitometer readings in the enamel 
of tooth No. 1, two areas have been measured, 
reading 0.67 and 0.69 respectively. When inter- 
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polated into the corresponding millimeters of 
aluminum (Figs. 4 and 5) these give values of 
1.36 and 1.32, a difference due to a different 
amount of absorbing material in the two areas. 
In tooth No. 2, densitometer readings of 0.70, 
0.70, 0.72, and 0.73 density units are obtained 
in the enamel, which give 1.31, 1.31, 1.28 and 
1.27 mm. of aluminum equivalent. The differ- 
ence between 1.27 and 1.28 is of doubtful sig- 
nificance, but the difference between 1.31 and 
1.27 and 1.28 is probably real, although of the 
order of only 1 per cent of the total absorption. 

In tooth No. 1, densitometer readings in the 
dentine range from 1.22 to 1.33 density units, 
or from 0.81 to 0.74 mm. of aluminum. In tooth 
No. 2, densitometer readings in the dentine 
range from 1.15 to 1.28 density units, or from 
0.86 to 0.77 mm. of aluminum. The higher 
values in some parts of the dentine than in 
others may be taken as evidence of more ab- 
sorbing material present per unit volume, since 
the slabs are of the same thickness throughout. 
In certain cases! anatomical changes, such as 
the attrition in tooth No. 2, produce changes 
which may be given quantitative study by these 
measurements. For example, inside the whitish 
triangle under the worn tooth incisal surface, a 
density equivalent to 0.86 mm. of aluminum is 
observed, while just outside this triangle the 
dentine gives a density equivalent to 0.81 and 
0.78 mm. of aluminum. The radiopaque tri- 
angle is thus found to have an increased absorp- 
tion equivalent to 0.05 to 0.08 mm. of alumi- 
num, or an increase of 6 to 10 per cent. The 
interpretation and significance of this increase 
is outside the scope of this paper. Suffice it to 
state that a quantitative measurement of tissue 
changes can be accomplished. 

Differences in densitometer readings, or in 
millimeters of aluminum, of greater than 0.02 
are to be considered as real. Therefore, the 
average value given for a series of readings in 
the same place on the same film may be indi- 
cated with a probable error of about 1 per cent, 
and differences between different areas ex- 
pressed with a probable error of about 2 per 
cent. 


DISCUSSION 


A simple procedure for obtaining opti- 
mum exposure conditions primarily entails 
establishing the optimum peak kilovoltage 
and the optimum exposure time. These fac- 
tors may be satisfactorily established in 
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four steps, i.e., (1) the change of exposure 
time at given peak kilovoltage, (2) the 
change of peak kilovoltage for various ex- 
posure times, (3) the plotting of density- 
thickness curves and selecting the optimum 
peak kilovoltage, and (4) from the graphed 
curves, choosing optimum exposure time at 
optimum peak kilovoltage. 

A series of exposures are made with 
more or less equal time increments; for ex- 
ample, I, 2, 3, 4, § and 6 seconds at 30 peak 
kv., with any set tube-film distance and 
current factors, say 68 cm. and 30 ma. 
This results in density values ranging from 
marked underexposure to marked overex- 
posure. The densitometer readings under 
the penetrometer steps are plotted as or- 
dinates (Fig. 6) against the proper thick- 
ness of aluminum as abscissae. A group of 
curves is obtained in which greater densi- 
ties under each step are recorded with in- 
creasing exposure, so that the density- 
thickness curves are more or less parallel 
and fairly regularly spaced above each 
other in order of the length of exposure, the 
longest exposure being highest, the short- 
est, lowest. 

(2) The same procedure is repeated for 
25, 40, and $0 kv. peak. 

3) From each of the charts at given 
peak kilovoltage, one density-thickness 
curve is chosen in which the densitometer 
reading in step I is approximately 1.5. 
These curves (Fig. 7) are compared, and 
the curve having the greatest slope is 
chosen as representing the optimum kilo- 
voltage for further study, since a given dif- 
ference in densitometer readings gives the 
smallest difference in millimeters of alumi- 
num upon interpolation from this curve. 

(4) Having established the optimum 
peak kilovoltage (in this case approxi- 
mately 30 kv.), a density-thickness curve 
having the optimum exposure time is select- 
ed from the group of curves found in the 
first procedure. That density-thickness 
curve is chosen whose densitometer reading 
under the thickest step is above o. 5 5 density 


units. This density is arbitrarily so chosen 
that the densitometer reading under 1 mm. 
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thickness of enamel will be 0.7 or greater. 
This condition is imposed in order to keep 
the photographic images of the enamel and 
dentine in that portion of the density range 
of the film which gives the film correct pro- 
portional densities for the two tissues. Ex- 
perimental verification of this condition 
will be presented later. 

A careful study of the variation in in- 
terpolated values of enamel and dentine 
has shown that the penetrometer must be 
chosen to fit the tissue being studied. lor 
example, when a series of roentgenograms 
are made at varying peak voltages, the in 
terpolated values in millimeters of alumi- 
num for dentine are found to be independ- 
ent of the voltage. This independence of 
change in experimental factors is impor- 
tant, since small changes in the voltage or 
other experimental factors are unavoidable. 
On the other hand, voltage changes give 
values in millimeters of aluminum for 
enamel which are found to be dependent 
on the voltage. Therefore, small and un- 
avoidable changes in voltage would destroy 
the precision of the method. By proper 
choice of penetrometers this difficulty may 
be obviated. The condition which must be 
fulfilled in order that a penetrometer be 
satisfactory is as follows: the mass absorp- 
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Fic. 6. Density-thickness curves obtained at 30 kv. 


at 1, 2, 3, 4, § and 6 second exposures. 
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MILLIMETERS ALUMINUM 


ic. 7. Density-thickness curves at 30, 40, 50, 60, 70 


and 80 kv. Note increasing slope of density-thick- 
ness curve with decrease in kv. 


tion coefficient of the penetrometer must 
be the same as the mass absorption coef- 
ficient of the tissue. Aluminum fulfills this 
condition for use as a standard for com- 
parison against dentine. An alloy of 94 per 
cent aluminum and 6 per cent zinc has 
been found to fulfill the condition for 
enamel (data to be presented later). Inas- 
much as we have been interested particu- 
larly in the dentine, the values listed in the 
tables are given in terms of millimeters of 
aluminum for both dentine and enamel. 


REPRODUCIBILITY 


In order to study the possible factors* 
influencing the precision of the method, a 
careful analysis of each step of the proced- 
ure was made and a series of experiments 
were carried out on each substep, identi- 
fiable as such and capable of being tested 
experimentally. The findings of these some- 
what digressive and yet related groups of 

* These factors have been found to be unimportant provided 


the condition mentioned above is fulfilled, except variations in 
thickness of the film. 
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experiments are to be presented elsewhere 
in some detail; suffice it here to enumerate 
the factors tested. 

The factors in the experimental procedure 
which were tested may be divided for con- 
venience into three heads, as follows: 


1. Mechanical factors of tube and machine 
a. focus 
x. enlargements by penumbra 
4. distance 


25 
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MILLIMETERS OF ALUMINUM 
Fic. 8. Density-thickness curves for eleven identical 
exposures. The lower series of three curves were 
taken (see Table 11) on a different day than the 
upper series of eight curves. The difference in their 
ordinates for a given aluminum thickness repre- 
sents unavoidable differences in power factor, etc. 


exposure 
X. Variation in time at 
of 20, 25, 30, and 50 
d. filters 
x. tube stand filter 
y. cassette cardboard filter 
e. voltage 
f. milliamperage 
g. wave form 
11. Radiation factors 
a. monochromatic radiation 
4. white radiation 


kilovoltages 
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c. Grenz radiation 
d. secondary radiation 
e. r output vs. photographic density 
1. Film factors 
a. type of film, i.e., x-ray duplitized film, 
radiatized dental film, lantern slides, 
special fine-grain film, panchromatic 
photographic film 
4. development time 
c. fog 


Factors influencing the reproducibility 
and not conveniently classed in the preced- 
ing outline may be considered under four 
heads, as follows: 


Tube factors 
a. hot and cold tube 
4. output at identical exposure times at 
different voltages 
11. Radiation factors 
a. series of identical roentgenograms at 
constant experimental conditions at va- 
rious kilovoltages 
4. relation between magnitude of density 
read by densitometer and magnitude of 
interpolated values in terms of milli- 
meters of aluminum 
c. filtration effect of emulsion 
111. Penetrometer factors 
a. step tablet, composition, 
and other properties 
b. thickness of tooth slab 
iv. Subjective factors 
a. accommodation 
fatigue 


dimensions 


In addition to these factors, brief in- 
vestigations were carried out to ensure cor- 
rectness photographically of our procedure. 
These investigations involved a study of 
(a) density vs. exposure, (4) density vs. 
log exposure, (c) gamma vs. thickness of 
aluminum, (d) development procedures 
(e) comparisons of emulsion thickness 
and type, and (f) photographic gradients 
and sharpness of images. Careful study of 
the data obtained shows that the factors 
named above do not influence the repro- 
ducibility of the results, with the exception 
of the possible variations in the emulsions 
of different films. 

To illustrate the reproducibility of the 
method, the data on eleven films of two 
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different tooth slabs are noted in Table 
Fig.8). The date, film number, kilovoltage, 
milliamperage, exposure time in seconds, 
distance from tube to film in centimeters, 
are given, together with the average densi- 
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aluminum in the enamel. In tooth No. 2 the 
interpolated values vary from 0.78 to 0.85 
mm. of aluminum in dentine, and from 1.26 
to 1.36 mm. of aluminum in the enamel. 
However, the standard deviations about the 


TaBLe I] 
Tooth No. 1 
Conditions Dentine Enamel 
| Average Inter- Average Inter- 
Date Film | Kv. Ma. Sec. Cm. Densit. polated Densit. polated 
Dist. Read. mm. Al Read. mm. Al 
1932 
12-13 I 32 3 I 6 1.49 0.80 88 PR 
2 1.48 0.80 gc 1.26 
3 1.47 82 8g 
4 1.48 -79 9 I .26 
6 1.49 79 9 I. 3! 
7 1.460 0.796 39 
8 1.39 88 
1g32 
12-10 2 32 3 I 6 I.29 76 72 ey 
3 I.22 0.76 69 1.28 
4 1.24 7 
Average + standard deviation .79 +0.018 1.29 
Tooth No. 2 
1932 2 32 3 I 6 3 0.8 74 I.26 
I12-IO 3 I.19 0.78 65 
4 2] 0.81 67 Pe 
1932 
12-13 I 32 3 I 6 1.460 07 I .34 
2 1.48 80 38 
3 1.46 33 g2 I.29 
5 1.44 0.85 ol 1.36 
6 1.44 34 1.30 
7 1.45 2.79 36 bea 
8 1.38 03 
Average + standard deviation 81 +0.02 1.42 28 


tometer readings in density units and the 
interpolated values in terms of millimeters 
of aluminum for both dentine and enamel. 
In tooth No. 1 the interpolated values vary 
from 0.76 to 0.82 mm. of aluminum in the 
dentine, and from 1.25 to 1.33 mm. of 


several averages are seen to give the follow- 
ing ranges of variation: Tooth No. 1: 
dentine —0.79+0.018, enamel — 1.29 
+0.022; tooth No. 2: dentine —0.81 
+0.020, enamel — 1.32+0.028. The aver- 
age of the standard deviations is thus 0.022, 
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and the average error of this range is less 
than 5 per cent of the total value. Although 
in certain series of twenty identical roent- 
genograms much higher precision has been 
found, the values listed in the table are 
typical values, without choosing or culling, 
and represent all the interpolated values.* 


CONCLUSIONS 


1. A densitometric method is described 
for the study of variations in the absorp- 
tion of roentgen radiation by 1 mm. thick, 
plano-parallel tooth slabs. 


+ 


2. By meticulous attention to detail, 


* By stipulating that the difference in densitometer read- 
ings in the darkest (thinnest) step be not greater than 0.05 den- 
sity unit, a variation in interpolated values of not over 3 per 
cent is achieved. 
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and by following the directions cited, the 
roentgen-ray absorption of a given portion 
of a tooth slab may be expressed in terms 
of equivalent millimeters of aluminum, 
with a total error of less than 5 per cent. 


3. In a given film, the roentgen-ray ab- 
sorption of different portions of the same 
tooth slab may be compared with a prob- 
able error of 2 per cent. 

We take pleasure in acknowledging the valuable 
assistance rendered by R. B. Wilsey, L. A. Jones, 
and V. C. Hall of Eastman Kodak Company; by 
KF. E. Challis, J. W. Forrest, E. S. Bissell, H. F. 
Kurtz, G. Fassin, C. E. Bahn, and J. A. Roesser 
of Bausch and Lomb; by Prof. T. R. Wilkins and 
H. E. Wilder of the University of Rochester; by 
W. F. Bale, L. A. Mucci, and C. B. Alden of the 
Medical School of the University of Rochester; and 
by J. F. Timmons of James Picker, Inc. 
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RADON INGESTION AND ITS POSSIBLE 
HEALTH DANGERS 


By HOWARD H. BARKER 


NEW YORK CITY 


IS proposed to apply a little arithmetic 
to some questions in which radioactive 
constants are concerned. 

What will be the number of alpha particles 
available for bombarding the system of the 
operator during a year? 

Let us consider the case of an average 
female operator, engaged in the application 
of self-luminous material to clock dials, 
etc., who, we will assume, works 8 hours a 
day, § days a week and 50 weeks a year; 
has a total lung capacity of 1,800 c.c., and 
that during the working period her lungs 
are filled with the air of the workroom, and 
that the radon content of her circulatory 
system is equivalent to the radon in the 
lungs. It has been recently determined by a 
group of competent investigators that the 
average radon content of workshops, where 
applicators are engaged in the application 
of luminous material to dials, etc., 1s ap- 
proximately 5 X10-" curies per liter; such 
activity is about S500 times tlfe radon con 
tent of normal outdoor air. With these facts 
as a basis, and assumptions to be later spec- 
ified, there are certain questions which 
would seem to be pertinent in determining 
whether the exposure is of such a nature 
that it might prove deleterious. From 
known constants of the radioactive family, 
it is possible to answer mathematically 
some of these questions in a manner which 
should be significant and conclusive. 


It is assumed that the total amount of 


radon which an operator can have in her 
system during her working period will be 
equivalent to that contained in 3.6 liters 
of air, namely, 1.8 X107!° curies. 

One curie of radon and its short-lived 
products, emits 43.7 alpha par- 
ticles per second, then 1.8 X 107° curies will 
emit: 

1.8 X 107 x 3.7 X10!° X4= 26.64 alpha 
particles per second, multiplying by the an- 


072 


nual working period expressed in seconds, 
7.2 X10°, we get for the total 
number of alpha particles emitted annually 
in the system. 

Since 1 gram of Ra emits 14.88 X10!° 
alpha rays per second, it will emit annually 


14.88 X10! X 3.15 K10’=4.69 


alpha particles; or from 1 microgram of ra- 
dium element deposited in the system 
4.69 X10” alpha particles would be emitted 
annually, a quantity 24,000 (2.4 X10‘) 
times that which could be produced by the 
radon in the system on an annual basis. 
That is, the alpha rays arising from the ra- 
don in the air filling the lungs and con- 
tained in the circulatory system of the 
operator during the working period per an- 
num would be equivalent to the alpha rays 
produced annually from a deposit of 
4.1X10~° micrograms (0.000041 micro- 
grams) in the system. 


Assuming that all the polonium formed 


from the radon remains in the system, how 


many alpha particles will be emitted an- 
nually? 


It has been assumed that 1.8 X10~1° cu- 
ries is the maximum quantity of radon in 
the system of the operators at any one 
time. If it is further assumed that this 
maximum quantity is always present dur- 
ing the working period, we can then com- 
pute the number of alpha particles this 
quantity of radon will produce per annum: 
1.8 X 107!" 3.7 KX 10!° K7.2 K 10° = 4.79 K 10% 
alpha particles. Each transformation of a 
radon atom produces an atom of Ra D; 
therefore, the total number of atoms of Ra 
1) formed and deposited in the system will 
be the same as the number of alpha par- 
ticles produced annually, or 4.79 X10’. The 
fraction of Ra D atoms decaying per sec- 
ond is about 1.37xX10~°; therefore, the 


\ 
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number of atoms of polonium which will be 
formed per second will be: 


4.79 X10’ X1.37 X10-*= 6.56 


If it is assumed that this process of trans- 
formation of Ra D goes on for a year, then 
the total number of atoms of polonium will 
be: 

6.56 X10~? X 3.15 X10’ = 2.07 X 10° 
However, the fraction of polonium atoms 
decaying per second is §.9X10~*, and 
therefore the number of alpha particles 
available for bombarding the tissues an- 
nually will be: 


2.07 KX 10° X §.9 X3.15 X10? 

= 3.84 X 10° 
Considering that 1 microgram of radium 
element deposited in the system will pro- 
duce 4.69 X10” alpha particles annually, it 
is readily seen that the alpha radiation that 
could possibly have its origin from the 
polonium formed from the radon inhaled 
by an operator in an application plant 
would be practically negligible. As a matter 
of fact, it would be equivalent to the num- 
ber of alpha rays produced annually by a 
deposit in the system of: 

3-84 x 10° 


micrograms 
4. 96 X10 


(0.000,000,8ugm.) 
It is also noted that the radon in the system 
of the operator during the working period 
on an annual basis will produce 1.91 X 10° 
alpha rays, while for the first year of the 
life of the polonium produced from an 
amount of radon necessary to emit 1.91 
108 alphas, there will be emitted 3.84 
10° alpha rays. 


3.84 X 10° 


1.91 X 2X 10-*=0.02 


or 2 per cent. 

What are the possibilities of polonium, 
which has been formed from the decay of ra- 
don, remaining in the human system? 


From the work of Schlundt and Failla,! 
it would not be logical to assume that all 
! Schlundt, H., and Failla, G. The detection and estimation 


of radium in living persons. IIT. The normal elimination of ra- 
dium. Am. J. Roentcenor. & Rap. THERAPY, 1931, 26, 265-271 


Howard H. Barker 
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of the Ra D produced from the radon 
would remain in the system. Schlundt and 
Failla found that about 0.004 per cent of 
the radium lodged in the system is elimi- 
nated daily. It is quite reasonable to as- 
sume that Ra D will be eliminated at about 


the same rate as radium. Per microgram of 


Ra then, the elimination of Ra D will be 
4 X10-" grams per day. It has previously 
been computed that the subject in question 
has a daily exposure to 1.8 X10~!° curies. 
Since 1 curie of radon weighs 6.6 x 107 
grams, 1.8 X10~'° curies will weigh: 


1.8 X X6.6 X 10-= 1.19 gm. 


If we assume that the quantity of radon 
in the system daily is all transformed into 
os D there would be formed in the system 
.I9 X10- grams of Ra D. However, it has 
aa pointed out that the elimination of 
Ra D would probably be 4 X10-' micro- 
grams per microgram of Ra. On this basis 
the quantity eliminated daily would be: 


1.8 X X4 X10~ or 7.20 X gm. 


a quantity approximately six times the 
quantity that would be formed daily. Ap- 
parently then, Ra D could not accumulate 
in the system of an operator working under 
the above specified conditions. 

It is now proposed to give brief consid- 
eration to the possible harm both current 
and latent, that might result from the daily 
ingestion of radon, either through inhala- 
tion or when contained in drinking water. 


It will be assumed that a daily dosage of 


8,000 Mache units is administered for a 
period of eight weeks, and that regardless 
of the type of administration the dose re- 
mains in the system for a period of 15 min- 
utes. With this assumption it is possible to 
compute the alpha-ray exposures, and by 
further assuming that all of the Ra D 
formed remains in the system it is possible 
to compute the alpha-ray exposure w hich 
may arise from polonium formed. Eight 
thousand Mache units is equivalent to ap- 
proximately 3 microcuries of radon which 
if introduced daily over a period of 8 weeks 
would amount to 168 microcuries. If it is 


| 


2 
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further assumed that the entire dosage of 
168 microcuries was administered as one 
dose, and that it all remained in the system 
for 15 minutes, the number of alpha rays 
that will bombard the system may be com- 
puted: 


1.68 X 10-4 X 3.7 X10!9 4 X60 

ou =2.24 Ic 
The alpha rays arising from 1 uiaaiiedns of 
radium deposited in the system during 8 
weeks would be: 


10-* X 3.7 X10!° 4 X60 X60 X24 X56 

=7.2 X10" 
That is, the alpha rays emitted by 1 micro- 
gram deposited in the system for a period 
of 8 weeks would probably be about thirty 
times the alpha rays available for bom- 
barding the system with a daily ingestion 
of 8,coo Mache units. 

Since each transformation of a radon 
atom produces an atom of Ra D, the total 
number of atoms of Ra D formed will be 
2.24 X10!" The fraction of Ra D which de- 
cays per second is approximately 1.37 
therefore: 

2.24 K 1.37 KX = 30.7 
atoms of polonium will be formed per sec- 
ond. 

If it is assumed that this process of trans- 
formation continues for a year, the number 
of atoms of polonium will be: 


30.7 X60 X60 XK 24 K 365 =9.7 X 10° 
However, $.9 X10~* decay per second, each 
emitting an alpha particle; thus the num- 
ber of alphas bombarding the tissues dur- 
ing the first year will be approximately: 
9.6 X 10° X 5.9 X 3.15 K10'= 1.76 X 10° 


During the second year this number may 
increase somewhat, but after that it will 
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progressively decrease. It has been com- 
puted that the number of alphas arising 
from 168 microcuries of radon in the sys- 
tem for a period of 15 minutes will be 
7.2 X10", while the number of alphas aris- 
ing from the deposit of polonium from the 
same quantity of radon will be 1.76 X10 
per annum. That is, the alpha rays expelled 
from the radon during its short stay in the 
system is approximately 400 times that 
which would be produced from the po- 
lonium on an annual basis. However, it has 
previously been shown that the possibility 
of any polonium remaining in the system 
is very remote. 


SUMMARY 


It has been pointed out by mathematical 
calculations which have been coordinated 
= experimental data: 

. That the exposure of an operator in a 
dial painting laboratory to the emanation 
in the atmosphere of the laboratory does 
not in all probability constitute a hazard. 
Based on typical working conditions the 
alpha-ray exposure is no more than it 
would be if there were permanently depos- 
ited in the system 0.00004 micrograms of 
radium element, a quantity insignificant 
in comparison with the safe tolerance of 
the individual. 

That the alpha radiation resulting 
from the polonium formed from the active 
deposit is at the best very nominal, and 
probably about 2 per cent of the alpha 
radiation produced by the radon. 

3. That the chances for any accumulation 
of the active deposit of slow change in the 
system is practically nil. 

That the possibility of any harmful 
effects resulting from the ingestion of radon 
as administered therapeutically either by 
inhalation or injection is very remote. 


| 
1 
n 
n 

yf 

S 

e 

e 

y 

1- 

r. 

yf 

a 

3S 

- 
D 

le 

h 
it 

is 


May, 1924 


TRANSVERSE FRACTURE OF THE SACRUM 
REPORT OF A CASE 
By WILLIAM E. ALLEN, JR., M.D. 


Department of Radiology, City Hospital No. 2 


ST. LOUIS, 


RANSVERSE fracture of the sacrum 
according to Muresanu! is a relatively 
rare condition. Quoting Guillot, he claims 
that only 40 cases had been collected from 
the literature at the time of his case report, 
May, 1931. 
The fracture service of a municipal hos- 
pital in a large metropolis is necessarily 


Fic. 1. 


one of the heaviest services. This is par- 
ticularly true of this institution. During 
the routine examination of hundreds of 
cases, we often discover many interesting 
and unusual ones. The following case be- 
longs to this class. 

Patient No. 5147, colored male, aged twenty- 
four, a laborer by occupation, was given emer- 
gency treatment at City Hospital No. 2 on 
August 23, 1932, for lacerations of the left 
supraorbital region and contusions on the back. 
He gave a history of having been in a fight 
during which he was struck several times across 
the lower lumbar region with a baseball bat. 

Physical examination at this time failed to 
reveal any findings of sufficient significance to 

1 Muresanu, E. Fractura transversala a sacrului. C/uj. med., 


1931, 72, 280-283. Abs. Am. J. Roentcenot. & Rap. THERapy, 
1932, 27, 646. 


MISSOURI 


warrant the patient’s remaining in the hos 
pital. However, due to the manner in which he 
received his injuries, the receiving physician 
felt that the patient should be hospitalized for 
further study. This was recommended, but re 
fused. The patient was then permitted to go 
home with the advice to return to the hospital 
should his condition become worse. 

The next day the patient returned to the 
hospital complaining of difficulty in walking 
and pain in the lower lumbar region. He was 
admitted to the hospital and sent to the surgical 
ward. The physical examination at this time 
revealed a well-developed male, lying uncom 
fortably in right lateral position. He was com 
plaining bitterly of lower lumbar pain. There 
were several superficial lacerations in the left 
supraorbital region. Study of the lower back 
revealed two large contusions, one on each side 
extending across both sacroiliac regions. These 
sites were moderately swollen and_ tender. 
Pressure produced exquisite pain. The classical 
findings of fracture were not elicited. There 
was no further evidence of injury, nerve in- 
volvement, or of injury to the pelvic viscera. 
A provisional diagnosis of probable fractured 
lumbar spine was made and the patient sent 
to the Department of Radiology for examin- 
ation. The radiologist’s report was as follows: 
“There is a fracture of the sacrum extending 


transversely across the todv; no separation of 


the fragments. There is a spina bifida oc- 
culta of the first sacral s2:gment.” (Fig. 1). 

A plaster cast was immcdiately applied and 
kept on for eight weeks. Tac cast was then re 
moved and the patient roentgenographed. 
Very little new bone formation was discovered 
and was so reported. However, the patient’s 
physical condition was such that the surgeons 
felt justified in permitting him to remain out 
of the cast and to sit up in a wheel chair. A 
few days later he was allowed to walk about 
the ward. At this time he experienced no diff- 
culty in walking, was free of complaint and 
consequently was discharged much improved. 
A follow-up study some time later found the 
patient well, back on his regular job and appar- 
ently suffering no disability. 
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roy, Chairman, Cleveland, A. Strauss, Cleveland, 
H. N. Cole, Cleveland. 

19th Annual Meeting: Cleveland, June 11-12, 1934. 
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INTRACAR DIAC CALCIFICATION 


N JULY, 1931, Dr. Henry A. Christian 
called attention to a distinct clinical en- 
tity, namely, aortic stenosis with calcifica- 
tion of the cusps. After a clear cut clinical 
and pathological description of the disease 
process, he threw a challenge to the roent- 
genologist by this statement: “From ob- 
serving the calcareous deposits in these 
heart valves it is evident that roentgenog- 
raphy with proper technique should often 
demonstrate the calcification in the living 
patient.’' It must be a source of consider- 
able pride that this challenge was so 
shortly met in his own clinic by Sosman 
and Wosika? who reported a group of cases 
in which they were able to visualize both 
roentgenoscopically and roentgenographic- 
ally the calcified heart valves during life. 
Not only were they able to demonstrate 
calcification in aortic stenosis but also they 
reported a group of cases with calcification 
in the mitral valve leaflets. This report of 
Sosman and Wosika’s was followed shortly 
by a report of Bishop and Roesler* on the 
roentgenologic diagnosis of intracardiac 
calcifications. It is true that pericardial cal- 
cifications had been reported before but the 
reports on calcifications of the valves them- 
selves had been so meager as to have passed 
unnoticed. Sault in 1932 reported three 
cases of intracardiac calcifications with ob- 
servations and conclusions quite similar to 
those of Sosman and Wosika’s, the obser- 
vations having been made at the same time 
without being aware of the American liter- 
' Steel, David. Aortic stenosis with calcification of the cusps. 
Editorial.) Am. J. Roenrcenot. & Rap. THERAPY, 1931, 26, 
468. 
2Sosman, M. C., and Wosika, P. H. Calcification in aortic 
and mitral valves. Am. J. RoenrGcenor. & Rap. THERAPY, 1933, 
ZO, 328-348. 


Bishop, P. A., 


of intracardiac 


and Roesler, H. The roentgenologic diagnosis 
calcifications. Am. J. Rap. 
THERAPY, Jan., 1934, 3/, I-15. 

* Saul. Quoted by Sosman and Wosika. 
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ature on this subject. Shortly after Saul’s 
publication, Parade and Kuhlmann’ pub- 
lished four cases of intracardiac calcifica- 
tion, three in the mitral valve and one in 
the aortic valve. But Sosman and Wosika’s 
clear cut description of the technique of the 
examination and the report of their large 
group of cases placed the roentgenoscopic 
and roentgenographic diagnosis of intra- 
cardiac calcification on a sure footing. 

Not content with the demonstration of 
the calcification of the valves, Sosman and 
Wosika turned their attention to a more 
minute and intensive study of the cardiac 
shadow itself and they have recently re- 
ported the roentgen demonstration of cal 
cified coronary arteries in living subjects.' 
With the increasing death rate from cardio- 
vascular disorders and the not only appar 
ent but definite increase in coronary artery 
disease, this observation of Wosika and 
Sosman’s is of considerable clinical impor 
tance. As coronary disease is insidious in its 
onset and the first and often the only clini 
cal manifestation of the disease may be the 
patient’s history of anginal attacks, the 
demonstration of calcification in the coro- 
nary artery would be of considerable im 
portance in the prognosis and the thera 
peutic measures to be instituted. Arterio- 
sclerosis is by far the most common lesion 
of the coronary arteries, for in a recent re 
port’ from the Department of Medicine, 


College of Physicians and Surgeons of 


Columbia University, 97.2 per cent of the 
cases showed calcification. While it is true 


6 Parade and Kuhlmann. Quoted by Sosman and Wosika. 

6 Wosika, P. H., and Sosman, M. C. The roentgen demonstra 
tion of calcified coronary arteries in living subjects. 7. 4m. M 
Ass., Feb. 24, 1934, $91-593. 

7 Levy, R. L., Bruenn, H. G., and Kurtz, Dorothy. Facts « 
disease of the coronary arteries, based on a survey of the clini 
and pathologic records of 762 cases. dm. 7. M. Sc., Marcl 


187, 376-390. 
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that lesser degrees of sclerosis were ob- 
served predominantly in the younger age 
groups, the more marked lesions develop- 
ing with advancing years, it nevertheless is 
of importance to diagnose these cases early 
as coronary artery disease has increased at 
all age levels as shown by this report; the 
increase is particularly noteworthy be- 
tween the ages of twenty-five and forty- 
four, these representing the most active 
years of life. If any method or combination 


of methods will add to the detection of 


coronary disease earlier it is to be utilized. 
The technique of the demonstration of 
both the calcified valves and of the calci- 
fication in the coronary arteries is so simple 
that it may be followed easily and now that 
Sosman and Wosika have placed the di 
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agnosis on such a solid basis it is to be 
hoped that the roentgenologist will not 
only confine himself to the study of cardio- 
vascular diseases by measurements of the 
cardiac shadow in its various positions that 
has heretofore been followed but that he 


will devote himself also to a more intensive 


study of the cardiac shadow, in the hope of 
being able to demonstrate these intracar- 
diac calcifications at a time when their 
diagnosis will add considerably to the pa- 
tient’s welfare. Undoubtedly intracardiac 
calcifications are much more frequent than 
is generally supposed and the roentgenolo- 
gist stands in a unique position to demon- 
strate these in the living by a more careful 
roentgenoscopic examination of the heart in 
routine chest examinations. 
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STANLEY MELVILLE, M.D. (Brux.), M.R.C.P. (Lond. ) 
1868-1934 


iy IS with a profound sense of sorrow 
that we learn of the death of Dr. 
Stanley Melville of London, which cccur- 
red on April 6. Those who were privileged 
to attend the First International Congress 
of Radiology in London in 1925 will long 
remember with great pleasure this charm- 
ing personality who contributed so much to 
the success of that meeting. He gave not 
only of his time and his efforts toward the 
organization of the Congress itself, but he 
was unsparing in his kindness and services 
to the foreign guests present. 

Stanley Melville needs no introduction 
to the radiological and medical world be- 
cause his name has long been outstanding 


as an investigator of medical and radio 
logical problems, and his contributions 
have been received with the greatest en 
thusiasm because behind them stood the 
knowledge and reputation of a careful 
worker. He is particularly remembered 
abroad for his roentgenologic studies on 
diseases of the chest and for hissplendidand 
timely work in collaboration with G. W. C. 
Kaye on the British X-Ray and Radium 
Protective Committee, the first of its kind 
in any country, whose recommendations on 
protection were adopted internationally at 
the Second International Congress of Ra 
diology at Stockholm. 

Many honors were bestowed upon Dr. 
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Melville during his life; he was at various 
times president of the Electrotherapeutic 
Section of the Royal Society of Medicine, 
president of the Radiological Section of the 


British Medical Association, secretary of 


the British Institute of Radiology, and 
secretary-general of the First Interna- 
tional Congress of Radiology held in Lon- 
don in 1925, and to him the British Insti- 
tute of Radiology owes a_ tremendous 
debt for the high position which it holds 
in the realm of radiology today. Dr. Mel- 
ville acted as examiner in radiology at 
both Cambridge and Liverpool Univer- 
sities and was one of the founders of the 
Society of Radiographers and its first 
president. 

As early as 1898 Dr. Melville began to 
interest himself in the new science of ra- 
diology and was shortly appointed radiolo 
gist to the West London Hospital, later to 
St. George’s Hospital and still later to the 
Brompton Hospital for Diseases of the 
Chest. In these early days of work with the 
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roentgen ray he, not knowing of the risks, 
received injuries to his hands from which 
he suffered acutely during the latter years 
of his life. The immediate cause of Dr. 
Melville’s death was heart disease. His 
death at this particular time is a great 
loss not only to those more closely asso- 
ciated with him but because a few days 
before his death he had accepted nomina- 
tion as medical editor of the British Fournal 
of Radiology. Could he have lived to edit 
this splendid journal his influence which 
has been so wholesome in England could 
have been utilized for a broader scope. The 
American Roentgen Ray Society together 
with the readers of the AMERICAN JOURNAL 
oF ROENTGENOLOGY AND RApIUM THERAPY 
express their profound sense of loss in the 
death of Stanley Melville, for in the words 
of Sir Humphry Rolleston “‘the radiological 
world has lost a great soul.!’* 


* We are indebted to an obituary notice of Dr. Melville pub 
shed in the Lancet, April 14, 1934, 7, 815, for much of the 
material here presented. 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unrrep STaTes OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. E. P. Pendergrass, University Hospital, 
Philadelphia, Pa. 

Annual Meeting: Hotel William Penn, Pittsburgh, Pa., 
Sept. 25-28, 1934. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Albert Soiland, 1407 S. Hope St., Los 
Angeles, Calif. 

Annual meeting: Cleveland, 

SECTION ON 
Secretary, Dr. J. 1 
Ohio. 

Annual meeting: Cleveland, Ohio, June 11-15, 1934. 

RADIOLOGICAL Society OF NoRTH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg. 
acuse, N.Y. 

Annual meeting: Memphis, Tenn., Dec. 3—7, 1934. 

RADIOLOGICAL SEcrion, BALTIMORE MEDICAL Society 
Secretary, Dr. W. B. Firor, 1100 N. Charles St., Baltimore. 
Meets third Tuesday each month, September to May. 

RADIOLOGICAL Secrion, Los ANGELEs County MEDICAL 
SOCIETY 
Secretary, E. N. Liljedahl, Los Angeles, Calif. 

Meets on the third Wednesday of each month at the 
California Hospital. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. F. B. Bogart, Medical Arts Bldg., Chat- 
tanooga, Tenn. 

Annual meeting: San Antonio, Texas, November, 

BrooKLyN RoentTGEN Ray Society 
Secretary, Dr. A. L. Voltz, 115 Myrtle Ave., Richmond 
Hill, N.Y 
Meets monthly on first Tuesday, October to April. 

BuFrFrALo RADIOLOGICAL SocIETY 
Secretary-Treasurer, Joseph S 
Niagara St., Buffalo, N.Y. 
Meets second Monday of each month except during 
summer months, place of meeting selected by the host. 

CuicaGo RoENTGEN Society 
Secretary, Dr. R. G. Willy, 1138 N. Leavitt. 

Meets second Thursday of each month October to May 
inclusive at the Palmer House. 

CincINNATI RADIOLOGICAL Society 
Secretary, Dr. H. G. Reineke, General Hospital, Cincin- 
nati, Ohio. 

Meets third Monday of each month, October to May, 
inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Otto Glasser, Cleveland Clinic. 

Meetings are held at 6:30 p.m. at the Cleveland Cham- 
ber of Commerce Club rooms on the fourth Monday of 
each month from October to April, inclusive. 

Derroir RoentGeN Ray Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. 

Meets monthly on first Thursday from October to May, 
at Wayne Country Medical Society Building. 

FLoripA RADIOLOGICAL SOCIETY 
Secretary, Dr. W. McL. Shaw, 418 St. 
Jacksonville, Fla. 

Meetings held twice a year, May and November. 


1934- 
AMERICAN MEDICAL ASSOCIATION 
, Murphy, 421 Michigan St., Toledo, 


Syr- 


1934. 


. Gian-Franceschi, 610 


James Bldg., 


ILtinois Society 
Secretary, Dr. H. W. Grote, 219 N. Main St. 
ton, Ill. 

Regular meetings held quarterly. 

INDIANA ROENTGEN SOCIETY 
Secretary, Dr. J. N. Collins, Indianapolis, Ind. 

Annual meeting each February 22 in Indianapolis. 

MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. S. W. Donaldson, St. Joseph’s Mercy 
Hospital, Ann Arbor, Mich. Three meetings a year, Fall, 
Winter, and Spring. Next meeting, Grand Rapids, 
Mich., May, 1934. 

MILWAUKEE ROoENTGEN Ray Society 
Secretary, Dr. S. A. Morton, Columbia Hospital, Mil- 
waukee, Wis. 
Meets monthly. 
ident. 

MINNESOTA RADIOLOGICAL SocIETY 
Secretary, Dr. L. G. Rigler, University Hospital, Minne- 
apolis, Minn. 

New ENGLAND ROENTGEN Ray Society 
Secretary, Dr. Thomas R. Healy, 37 
Boston, Mass. 

Meets monthly on third Friday, Boston Medical Library. 

New York ROENTGEN SOcIETY 
Secretary, Dr. C. W. Schwartz, 33 E. 
Meets monthly on third Monday, 
of Medicine, at 8:30 P.M. 

NortuH Caro.ina ROENTGEN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N.C. 
Annual meeting at time and place of State Medical So 
ciety. Mid-year scientific meeting at place designated. 

Centra New York RoeEntTGEN Ray Society 
Secretary, Dr. F. C. Rulison, Medical Arts Bldg., 
cuse, N.Y. 

Three meetings a year- 

Paciric ROENTGEN CLUB 
Secretary, Dr. L. H. Garland, 450 Sutter St., 
cisco, Calif. 
Meets annually 
Association 

PENNSYLVANIA RADIOLOGICAL SociFTY 
Secretary, Dr. W. E. Reiley, Clearfield, Pa. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Thomas Loughery, Germantown Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.M., in Thompson Hall, College of 
Physicians, 19 S. 22d St. 

ROCHESTER RoENTGEN Ray Society, Rocuester, N.Y. 
Secretary, Dr. W. W. Fray, Strong Memorial Hospital. 
Meets monthly on second Thursday from October to 
May, inclusive, at 7:45 at the Rochester Medical Associa- 
tion Building. 

Sr. Louis RoentGEN 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets first week of each month. Time and place of meet- 
ings designated by president. 

Soutu Carouina X-Ray Society 
Secretary, Dr. R. B. Taft, 105 Rutledge Ave., Charleston. 
Meets at time and place of South Carolina State Medical 
Association. 


, Blooming. 


Place of meeting designed by the pres- 


> Marlboro St., 


68th St., New York. 
New York Academy 


Syra- 
January, May, and November. 
San Fran- 


, during meeting of California Medical 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 


682 


| 
| 


VoL. XXXI, No. 


[TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg., 
Chattanooga, Tenn. 
Meets annually at the time and place of the Tennessee 
State Medical Association. 


Texas RADIOLOGICAL SOCIETY 


Secretary-Treasurer, Dr. J. H. Smith, Lubbock, Texas. 
Meets annually one day preceding the meeting of the 
Texas State Medical Association. Next Meeting. San 
Antonio, May 7, 1934. 

University OF MicHiGAN DEPARTMENT OF ROENTGEN- 
oLtocy STAFF MEETING. 
Secretary, Dr. C. B. Peirce, University Hospital, Ann 
Arbor, Mich. 
Meets each Monday evening from September to June, 
at 7 P. M. at University Hospital. 

Universiry oF Wisconsin RoENTGEN CLuB 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Mad 
ison, Wis. 
Meets monthly on last Thursday, October to April, Serv 
ice Memorial Institute, at 4:30 P.M. 

VirGINIA ROENTGEN Ray Cius 
Secretary, Dr. V. W. Archer, University Hospital, Uni- 
versity, Va. 
Meets annually in October 

CuBa 

SoclEDAD CUBANA DE RADIOLOGIA Y FISIOTERAPIA 
Secretary, Dr. Luis Far'fias, Animas 110, Havana, Cuba. 
Meets monthly in Havana. 


British EMPIRE 

British INstrrurTE OF RaApIOLOGY INCORPORATED WITH 
rHE RONTGEN SOCIETY 
Meets on the third Thursday of each month, from No 
ag pe to June inclusive, at 8:15 P.M., at 32 Welbeck 

, London, W. 1., or as advertise d. 

RO-THERAPEUTIC SECTION OF THE RoyAL Sociery 
or MEpicinE (CONFINED TO MepicaAL MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:30 p.m. at the Royal Society of Medicine, 1 
Wimpole ‘London, W. 

SECTION OF RapioLocy AND Mepicat ecrriciry, Aus 
rTRALASIAN MEDICAL CONGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEDICAL ASSOCIATION 
Secretary, Dr. Colin Macdonald, Lister House, 61 Collins 
st., Melbourne, Australia. 
Meets monthly at Melbourne during the winter. 

SECTION ON RapioLocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. A. H. Rolph, 160 St. George St., Toronto, 
Ont. 

INDIAN RADIOLOGICAL ASSOCIATION 
Secretary, Sd. Subodh Mitra, 148 Russa Rd., Calcutta. 
Meets annually in January, and at such places and times 
as the Council may appoint. 

RaDIoLocicaL Section, New ZEALAND BritisH Mepical 
ASSOCIATION 
Secretary, Dr. P. C. Fenwick, 
church. Meets annually. 


Sydney, 


The Hospital, Chris 


ConrTINENTAL EuROPE 
Society OF ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Allies, 
(Belgian). 


Meets monthly on second Sunday at d’Egmonds Palace 


Brussels, except in the summer time. 
SociETE DE RapioLocie MEDICALE DE FRANCE 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 
Sociéré Suisse DE RapIoLocie (SCHWEIZERISCHE 
GEN-GESELLSCHAFT) 
Secretary for French language, Dr. A. 
Chaux de Fonds. 
oe for German language, Dr. Scheurer, Molzgasse, 
Bie 


Grosjean, La 
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Meets annually in different cities. 

Société FRANCAISE D’ELECTROTHERAPIE ET DE RApIoL- 
ociE MEDICALE 
Meets monthly on fourth Tuesday, except during months 


of August and September, 12 Rue de Seine, Paris. 

ASSOCIATION OF GERMAN ROENTGENOLOGISTS AND Rapt- 
OLOGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, 
Prague, 11/52. 

DEUTSCHE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 

Meets annually in April in different German cities, at 
least once in five years in Berlin. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent Secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Society oF ELECTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the Fall. 

Socreta IraLiaNA RaproLocia MeEpica 
Secretary, Professor M. Ponzio,University of Turin, Turin. 

SociETATEA ROMANA DE RADIOLOGIE ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine 30, 
Bucharest, Rumania. 

Meets second Monday in every month with the excep- 
tion of July and August. 

Aut-Russtan RoentGen Ray Assocration, LENINGRAD, 
USSR, in the State Institute of Roentgenology and Radi- 
ology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock, State Insti- 
tute of Roentgenology and Radiology, Leningrad. 

Moscow RoentcEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. 

Meets monthly on the first Monday at 8 o’clock, the 
place of meeting being selected by the Society. 

Po.isH Society oF RADIOLOGY 
Secretary, Dr. Jan. Kochanowski, 45 Gornoslazka St., 
Warsaw. 

Meets annually. 

Warsaw SEcrTION, Po.isH Society oF RADIOLoGy 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summer time. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summer time. 

Society oF MEpIcAL RavioLoGy or SWEDEN 
Meets in Stockholm. 

Society oF Mepicat RaDIoLocy 
Meets in Oslo. 

Society oF MepicaL RapioLtocy 1n DENMARK 
Secretary, Dr. H. Scheuermann, Copenhagen. 

Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o’clock in the State 
Institute of Roentgenology. 

Society oF Mepicat RapIoLocy IN FINLAND 
Meets in Helsingfors. 

VIENNA SOCIETY OF ROENTGENOLOGY 
Meets first Tuesday each month, October to July. 


German University, 


In NORWAY 


ORIENT 
Japan X-Ray Association 
c/o Orthopedic Surgery, 
Meets annually in April. 
KINKI ROENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, 
Japan. 
Meets bi-monthly on third Sunday. 


Tokyo Imperial University 


Ogawaoike, Kyoto, 
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NINETEENTH 


19%4 


ANNUAL MEETING 


AMERICAN RADIUM SOCIETY 


Monpay and Tuespay, JUNE II AND 12, 1934 
CLEVELAND, Ou10 
Place of Meeting—Horer CLeveLanp 
Empire Room 
g:00 A.M. EXECUTIVE SESSION 
a.m. SCIENTIFIC SESSION 
Address of H. 
M.D., Detroit 


STEVENS, 
SYMPOSIUM ON RADIUM DOSAGE 
AND TECHNIQUE 
I. PHysicaAL AND BioLocic Facrors 


M.D., 
Philadelphia 


Chairman, Gero. E. 


Physical Determination of Radium Dos- 
ages, Orro Giasser, Ph.D., Cleve- 
land. 


Physical Factors in Teleradium Dosage. 
WILHELM Srenstrrom, Ph.D., Min 
neapolis. 

Physical Factors in Intracavity Radium 
Dosage. Jas.L.WEATHERWAX, Ph.D., 
Philadelphia. 

Physical Factors in Interstitial Radium 
Dosage. H. Quimsy, Ph.D., 
New York. 

Drosophila Eggs for Radium Dosimetry. 
Geo. Packarp, Ph.D., New York 
(by invitation). 


Clin cal Considerations Influencing Ra- 
dium Doage. Maurice Lenz, M.D., 
J. R. Fretp, M.D., New York. 


and Its Relation to Radiosensitivity. 
Arruur P. Stout, M.D., New York 
(Ay invitation). 


the Uterus and Its Relation to Radio- 
sensitivity. Cuas. C. Norris, M.D., 
Philadelphia. 

Discussion opened by: Francis 
Carter Woop, M.D., New York, 
J. E. Genpreavu, M.D., Montreal, 
Geo. E. Pranter, M.D., Philadel- 
phia. 


Microscopic Structure of Oral Cancer 


Microscopic Structure of Carcinoma of 


te 


tw 


MONDAY, JUNE II, 1934 


AFTERNOON SESSION 


pM. EXECUTIVE SESSION 
pM. SCIENTIFIC SESSION 


Il. Benicn Lesions 


Chairman, H. Stevens, M.D., 


Presiding Officer 


Detroit 
Benign Lesions of the Skin. LAWRENC! 
R. Taussic, M.D., Howarp Mor 
row, M.D., San Francisco. 
S. Newcomer, M.D., 
Philadelphia. 


Discussion 


Benign Lesions of the Uterus. Jas. A. 
CorscabdEN, M.D., New York. 


Benign Uterine Hemorrhage. HENR\ 
Scumitz, M.D., Chicago. 

Discussion—Cuas. C. Norris, M.D., 
Philadelphia, Cart R. Crurcn 
riELD, M.D., Nashville. 


Benign Lesions of the Eye, Ear, No ’ 


and Throat. ALLEN G. 
M.D., New York. 


ROBINSON, 


Chronic Infection of the Parotid Gland 
G. M. Dorrance, M.D., Philadel 
phia. 

Discussion—Zoer A. Jounsron, M.D. 

Pittsburgh. 


ANNUAL BANQUET 


7:00 p.M. Monpay, JUNE II, 1934 


Rose Room, Hotel Cleveland 
PRESIDENT STEVENS 


JANEWAY LECTURE | 


Recent Advances in Experimental | 


Cancer Research 


Francis Carrer Woop, M.D., New York 


10:3 
11: 
_ 


Vol 


:30-—Carcinoma of the Skin. Haroip N. 5: 
Coie, M.D., J. R. Driver, M.D. 

(dy invitation), Cleveland. 

:45-——Carincoma of the Cheek. Hayes E. 2 
Martin, M.D., New York. Orro H. 
PriueGer, M.D., San Francisco (4) 
invitation). 

Carcinoma of the Tongue. FRANK FE. 
Simpson, M.D., Chicago. 

*1<—Carcinoma of Tonsil, Pharynx ana 
Larynx. Max M.D., Chi 
cago. 

:30—Carcinoma of the Cervical Glands. 
DouGias Quick, M.B. (Tor.), New 
York. 

:45-—Carcinoma of the Breast. GRANTLEY W 
Taytor, M.D. Boston (dy invita 
tion) 

Carcinoma of the Fundus Uteri. H. H. 
Bowinc, M.D., Mayo Clinic, Roch 
ester. 
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TUESDAY, JUNE 12, 1934 
MORNING SESSION 


4M. EXECUTIVE SESSION 


:30 A.M. SCIENTIFIC SESSION 


2 


II]. Maricgnant NEOPLASMS 


Chairman, Georce W. Grier, M.D., 
Pittsburgh 


Radium Treatment of Carcinoma of Cer 
vix Utert. (Moving Picture Demon 
stration.) Lawrence A. 


M.D., Cleveland. 


POMEROY 


:25—-Carcinoma of Bladder. Beny. S. Bar 
RINGER, M.D., New York. 
:40-—Carcinoma of Rectum. Wm. M. SHED 
pEN, M.D., Boston (dy invitation) 
Discussion opened by Georce W. 
Grier, M.D., Pittsburgh. 
GENERAL DISCUSSION: 


Limited 


to } minutes each. 
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TUESDAY, JUNE 12, 1934 


AFTERNOON SESSION 


p.M. EXECUTIVE SESSION 
TION OF OFFICERS 

p.M. SCIENTIFIC SESSION 

IV. MiscELLANEOUS PRoBLEMsS 


Chairman, J. E. Genpreau, M.D., 
Montreal 


ELEC- 


Complications and Injuries in Radium 
Therapy. Ira I. Kaptan, M.D., New 
York. 

The Use and Abuse of Interstitial Ra- 
dium Therapy. ALBER' 
M.D., Los Angeles. 

Hazards in the Use of Radium. J. M. 
SITTENFIELD, M.D., New York. 

Design of a Flexible Radium Bomb with 
Adequate Protection, Delivering a 
Homogeneous Field of Irradiation at 
Various Distances. Wm. S. New- 
comet, M.D., B. A. HuGues (éy 
invitation), Philadelphia. 

A Small Platinum Needle Designed for 
the Use of Various Strengths of Ra- 
dium Element Interstitially. NoRMAN 
Treves, M.D., New York. 

Correction of Dietary Errors in Connec- 
tion with Radium Treatment. YD. T. 
QuicLey, M.D., Omaha. 

Adenocarcinoma of the Oral Cavity. Wn. 
LL. Watson, M.D., New York (4y in- 


vitation). 


SOILAND, 


Intraperitoneal Insertion of Radon and 
Gastro-Enterostomy in Carcinoma of 
the Pyloric End of the Stomach. Isaac 
Levin, M.D., New York. 

Abdominal Implantation of Radon Seeds 
Combined with Removal of Iltac 
Glands in the Treatment of Cancer of 
the Cervix (28 cases). Frep J. Taus- 
sic, M.D., St. Louis. 

GENERAL DISCUSSION: 


to 3 minutes each. 


Limited 
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BOOK REVIEWS 


Books Received Are 


jor the courtesy of the sender. 


RapioLtocy. Edited by Otto 
Ph.D. The contributors are as fol- 
lows: Harry H. Bowing, M.D., 
M.D., James T. Case, 
Charlton, Physicist, George I 
Arthur H. Crompton, 
Coolidge, Ph.D., 


THE SCIENCE OF 
Glasser, 
Percy Brown, 
M.D., Ernest E. 
Clark, Ph.D., 
Ph.D., William D. 
William A. Evans, M.D., 

Gioacchino Failla, Physicist, Robert F. 

Fricke, M.D., Arthur W. Fuchs, Otto Glas- 

ser, Ph.D., J. Cramer Hudson, Ph.D., Hans 

A. Jarre, M.D.. Ed. C. Jerman, Sc.D., Mat- 

thew Luckiesh, Sc.D., George M. MacKee, 

M.D., Willis F. Manges, M.D., Hermann J. 

Muller, Fh.D., Charles Packard, Ph.D., 

Ursus V. Portmann, M.D., Edith H. Quimby, 

M.A., William Seifriz, Ph.D., Edward H. 

Skinner, M.D., Lauriston S. Taylor, Physi- 

cist., and David L. Webster, Ph.D. Pp. 4 

with 108 illustrations. Springfield, III; Balti. 

more, Md.: Charles C Thomas, 1933. 

This work is the product of the American 
Congress on Radiology which had its beginning 
three years ago and which met in Chicago in 
1933 during the Century of Progress. To g.ve 
any adequate review of a work of complete or 
multiple authorship would require an evalua- 
tion of each contribution, which space will not 
permit. From the viewpoint of qualification the 
list of authors could not have been more happily 
selected, which may also be said of the selection 
of the chapter headings. The authors are so well 


known as to render unnecessary any mention of 


the positions they occupy in the various hos- 
pitals and other institutions of this country. 
The work is very largely historical and bio- 
graph cal, with the exception of several chapters 
which deal with the mathematical and physical 
aspects of radiology, which are for the most 
part by physicists of national standing. It is 
fitting that the history of radiology should be 
written and preserved at the end of the first 
third of acentury. Thirty-three years, or sixty- 
six years hence, the period now written may 
shrink in historic perspective. It is the opinion 
of the reviewer, however, that it will occupy a 
large space, since the present period is an evolu 
tion from crude and uncertain beginnings to 
stability and certainty. The work is exceedingly 


This compilation 


Acknowledged under Heading: Books Received. This must be regarded as a sufficient retur 


Selections will be made for review in the interests of our readers as space permit 


well documented in such a way that nearly all 
the important early contributions on the broad 
subject of Radiology are title. 
should be an important 
unit in the library of every radiologist and 
physicist as well. While a work of this nature 
can hardly be said to embrace the entire science 
of radiology, which would require several vol 
umes, it contains a vast amount of information 
in readable form on pioneer discoveries, pioneer 
workers, on physics, biology, evolution of ap 
paratus, photographic development and screens, 
therapy, diagnosis, roentgen rays and radium, 
industrial radiology, protection, military ra 
diology, the nature of cosmic rays, Gurwitsch 
rays. The work is in no sense a textbook. Its 
essential appeal is to the specializing radiologist 
and the physician. Some sections will prove un 
intelligible to one whose interests in the subject 
are purely casual, yet the cultured reader will 
find much that will repay a perusal of this inter- 
esting book. The book is also a_ splendid 
achievement of the publisher’s art. 


J. H. 


listed by 


DEMPSTER 


TRATTATO DI ROENTGEN- E DI CURIE-TERAPIA. 
(A Textbook on Roentgen and Radium 
Therapy.) Edited by Felice Perussia, Ordi 
nario di Radiologia medica alla R. Universita 
di Milano, and Enzo Pugno-Vanoni, Stra 
ordinario di Elettrotecnica generale alla R. 
Scuola d’Ingegneria di Padova. With the 
collaboration of Prof. O. Alberti, Prof. M. L. 
Asti, Prof. E. Bortoni, Dott. L. Gallavresi, 
Prof. F. Giongo, Dott. G. Giraudi, Dott. F. 
Mascherpa, Dott. G. Meda, Dott. M. Pellini, 
Dott. C. Picchio and Prof. A. Ratti. Volumes 


I and II. Cloth. Price, L.350. Pp. 1600, with 
700 illustrations. Milano: Fratelli ‘reves 
Editori, 1934. (This text is one of the “‘Mono 


grafia e Trattati di Biologia e di Medicina” 

collezione diretta dal Prof. Carlo Foa.) 

This work is designed to be a complete sys 
tematic textbook on radiotherapy, of which 
there are none in Italian, in which the impor 
tant facts of the subject are to be easily avail 
able and from which unessential matter is to 


be eliminated. This ideal the authors have 
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achieved in a highly successful manner. Not 
only have they avoided the inclusion of subjects 
of purely historic or academic interest but also 
have not omitted much of actual importance. 
This has been done by the authors’ collecting 
and editing a series of presentations, each one 
written by a specialist in a particular field so 
that in the end each radiologic subject is given 
due prominence and is handled with becoming 
completeness. 

The first volume (of 701 pages) is of the 
basic physical and biological conceptions on 
which radiotherapy rests. Pugno-Vanoni takes 
up the fundamentals of the modern physical 
theory of radiations, then a review of appara- 
tus, dosimetry and protection (pages 3-230). 
Giongo elucidates the emission and absorption 
of roentgen radiation (pages 233-328) illus 
trating various technical methods of giving a 
“dose” of roentgen rays, and Asti (pages 329 
460) of radium. Picchio supplements these sec- 
tions by some excellent physical tables (pages 
461-517). Gallavresi considers in due detail the 
fundamental biological effects of radiation 
(pages 519-681), and Ratti concludes with a 
consideration of the reactions and injuries from 
radiotherapy (pages 681-691). 

The second volume (of 875 pages) is a clinical 
one. Perussia opens it with a general discussion 
of the radiotherapy of tumors (pages 3-25) 
which is elaborated and developed by Ratti 
(pages 27-296). Bortoni next discusses benign 
uterine hemorrhage (pages 297-346). Alberti 
takes up inflammatory disease (pages 347-458), 
Giraudi the treatment of tuberculosis (pages 
459-530) and Meda the lymphoblastomas and 
the diseases of the hematopoietic system (pages 
$31—Sgo). Pellini considers the internal medical 
diseases (pages then Mascherpa 
writes on the radiotherapy of diseases of the 
endocrine and nervous systems (pages 663 


Sg! 663), 


776), Giraudi those of the bones and joints 
(pages 777-807) and Perussia closes with an ex 
cellent discussion of radiotherapy in dermatol- 
ogy. At the end of each chapter there is a bib 
liography of the important works on the sub- 
ject considered. Throughout the whole work 
practical treatment problems are presented by 
abstracts of histories and photographs (some 
in color) or roentgenograms, and then are 


solved by a technique of treatment, which is il 
lustrated profusely by photographs and dia 
grams, so that we actually see the daily rou 
tine of a busy therapist. Each volume has an 
index which facilitates reference to items in the 
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text and completes the table of contents at the 
beginning of the book. Almost anyone can get 
the gist of the Italian text, even though one’s 
knowledge of the language be but rudimentary. 
The authors and publishers deserve great com- 
mendation for bringing out this textbook which 
will rank high among the few excellent ones 
ever written. 


Nevuro.tocy. By Roy R. Grinker, Associate 
Professor of Neurology, the University of 
Chicago. Cloth. Price, $8.50. Pp. 979, with 
401 illustrations. Springfield, Illinois; Balti- 
more, Maryland: Charles C Thomas, 1934. 


This volume is a valuable one which has both 
the advantages and disadvantages of being en- 
cylopedic in its scope, fundamental approach 
and style. On its jacket, one reads that it “‘pre- 
sents neurology as a part of the biological sci- 
ences rather than as a recount only of symp- 
toms and signs of disease.” This excellent ambi- 
tion seems to the reviewer to have been 
achieved and for this departure in the field of 
neurologic textbooks, Grinker indeed deserves 
high praise. 

The chapter on “general embryological con- 
siderations” including a good résumé of Kap- 
per’s theory of neurobiotaxis in the tracing of 
phylogenetic development, a particularly well- 
presented chapter on general anatomical con- 
siderations and some space devoted to psy- 
chochemistry, better called neurochemistry, 
are full of these biological correlations. The list- 
ing of all of the joint movements of the body 
with the muscles concerned is a good feature not 
usually seen. The chapter on the vegetative 
nervous system also warrants particular appro- 
bation. 

The book throughout is well illustrated. Espe- 
cially the section on cranial nerveshasnumerous 
well-selected photographs and the repre »duc- 
tions of roentgenograms in the section on intra- 
cranial tumors are splendid. Encephalography 
is well covered. 

Because of its frank dismissal of the simple, 
and its emphasis on the broadest type of medi- 
cal learning, it becomes more a book for gradu- 
ate internists in medicine than for the begin- 
ner, either in medicine or neurology. 

One might wish for a more flowing style. The 
author’s ambition to quote every nuance of 
meaning in his exhaustive excursions into the 
literature, brings upon him a meticulous and, 
at times cumbersome sequence. At the same 
time, no one can find in it any of the glibness 
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which has occasionally characterized other 
textbooks in neurology, in the English lan- 
guage, on both sides of the Atlantic. 

One can make small criticisms. Why is there 
no mention of arsenic poisoning as a likely etio- 
logy of some cases of Raynaud’s disease? Why 
the use of the label “lethargic encephalitis” when 
American usage has generally and wisely changed 
to “epidemic encephalitis” since “‘lethargy”’ is 
often enough conspicuous by its absence. 

In all, it is a weighty and substantial volume 
quite successful in being a well-planned state- 
ment of present-day organic neurology, and that 
brings the reviewer to a final and really serious 
contention regarding the book. This reference is 
to Grinker’s willingness to call his book ‘‘Neu- 
rology”’ when there is neither a chapter nor 
reference to the psychoneuroses. Neurology, as 
a branch of medicine, has always dealt with 
both structural and functional nervous dis- 
orders, including the mental, and will continue 


to do so, in spite of the apparent willingness of 


some workers to circumscribe it. If the author 
had neither the space, the interest nor experi- 
ence to describe the psychoneuroses, he would 
have done better to have chosen a title in which 
this artifical delimitation is explicit. 

Tuomas K. Davis 


Books RECEIVED 


THe MANAGEMENT OF HorsesHoE Kip- 
NEY: A STUDY OF HORSESHOE KIDNEY DISEASE, ITS 
ETIOLOGY, PATHOLOGY, SYMPTOMATOLOGY, DIAG 
NOSIS AND TREATMENT. By Robert Gutierrez, 
A.B., M.D., F.A.C.S., Chief of Clinic of the De- 
partment of Urology, James Buchanan Brady 
Foundation of the New York Hospital; Assistant 
Attending Surgeon, New York Hospital, etc. With 
a Foreword by Dr. Edmond Papin, Paris. Cloth. 
Price, $3.00. Pp. 143, with §2 illustrations. New 
York: Paul B. Hoeber, Inc., 1934. 

Practica, X-Ray Tuerapy. By Hugh Davies, M.A. 
(Oxon.), M.R.C.S, (Eng.), D.M.R.E. (Camb.), 
Officer-in-Charge of X-ray Therapy, King’s Col- 
lege Hospital; Honorary Assistant Radiologist, 
The National Hospital, Queen Square. Cloth. 
Price, 8s. 6d. Pp. 134, with 47 illustrations. Lon- 
don: J. & A. Churchill, 1934. 

COMPENDIO DI RADIOLOGIA MEDICA (RADIODIAGNOS 
TICA E RADIOTERAPIA) AD USO DEGLI STUDENT E 
DEI MEDIC! pRATicI. By Prof. G. B. Cardinale and 
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illustrations. Milano: Ulrico Hoepli, 1934 

THe Universe or Licur. By Sir William Bragg, 
O.M., K.B.E., D.Sc., F.R.S., Honorary Fellow 
of Trinity College, Cambridge; Fullerian Pro 
fessor in the Royal Institution of Great Britain. 
Cloth. Price, $3.50. Pp. 283, with 110 illustrations 
in the text and 26 plates. New York: The Mac 
millan Company, 1933. 

“RATTATO DI ROENTGEN- E 


DI CuRIE-TERAPIA. By 
Felice Perussia, Ordinario di Radiologia medica 
alla R. Universita di Milano, and Enzo Pugno 
Vanoni, Straordinario di Elettrotecnica generale 
alla R. Scuola d’Ingegneria di Padova, and col 
laborators. Volumes I and II. Cloth. Price, L. 
350. Pp. 1600, with 7oo illustrations, Milano: 
Fratelli Treves Editor, 1934. 

Dit KRANKHEITEN DER NASENNEBENHOHLEN UND 
DES OuREs IM RONTGENBILD. Von Priv.-Doz. Dr. 
med. Richard Mittermaier, Oberarzt der Klinik. 
(Fortschr. a. d. Geb. d. Réntgenstrahlen, Erganzungs 
band 45.) Paper, price M. 25.-; bound, M. 2°. 
Pp. 141, with 213 
Thieme, 1934. 

DIE PARASAGITTALEN MENINGEOME. Von Dr. H. 
Olivecrona, Stockholm. Paper, price M. 24.-; 
bound, M. 26.- Pp. 144, with 145 illustrations 
Leipzig: Georg Thieme, 1934. 

DIE ENDOKRIN UND KONSTITUTIONEL BEDINGTEN 
ANOMALIEN DES KNOCHENSYSTEMS. By Prof. Dr. 
D. Rochlin, Institute of Roentgenology, Lenin 
grad, U.S.S.R. Paper. Pp. 1go, with 135 illustra 
tions. 1931. (In Russian.) 

IONOTHERAPIE ELECTRIQUE ET HAUTE FREQUENCE. 
Par Frangois Fieschi, Chirurgien dentiste F. M. P. 
et E.D.F., Ingénieur A. et M., Professeur a 
l’école de Chirurgie dentaire et de Stomatologie 
de Paris. Paper. Price, 20 fr. Pp. 160, with g7 il 
lustrations. Paris: Vigot Fréres, Editeurs, 1933. 

TRABALHOS DO LaBORAT RIO DE MEDICINA OPERO- 
ATORIA. Faculdade de Medicina do Pérto. Pp. 
397, with numerous illustrations. Pérto: Aratjo 
& Sobrinho, 1932. 

ANNUAL REPORT OF THE SASKATCHEWAN CANCER 
ComMMISSION FOR THE CALENDAR YEAR _ 1932. 
Paper. Pp. 40. Regina: Roland S. Garrett, 1934. 

CENT CAS DE CANCER TRAITES ET APPAREMMENT 
Guéris L’InNstirut pu Rapium pE MontTrEAL. 
Dr. J. E. Gendreau, Directeur. Paper. Pp. 12 
Montreal, Librairie Déom, 1934. 

Mepico-MILitary Symposium, 1934. Under the 
Auspices of the Kansas City Southwest Clinical 
Society and the Medical Department, Seventh 
Corps Area, U. S. Army. General Hospital, 
Kansas City, Mo., March 12-17, 
City, Mo.: Brown-White Co., 1934. 


illustrations. Leipzig: Georg 


1934. Kansas 


} 

Dott. Mario Maino. Paper. Pp. 493, with 33 
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A SIMPLE RADIUM DETECTOR* 


By ROBERT B. TAFT, M.D., B.S., F.A.C.R. 


CHARLESTON, SOUTH CAROLINA 


T IS rather surprising that very few 

radium therapists have any kind of in- 
strument for the location of lost radium, 
when the immediate availability of such an 
inexpensive instrument may prevent the 
permanent loss of thousands of dollars 
worth of radium. Regardless of how care- 
fully radium 1s handled, circumstances can 
occur which are very embarrassing to the 
radiologist or the technician. At least once 
in my own experience such an instrument 
was the direct means of preventing the loss 
of 75 mg. of radium when the containers 
were accidentally stuck on a piece of ad- 
hesive, sent out with the trash, dressings 
and film papers, and spent the night in a 
garbage pile in the back yard. Within 
fifteen minutes after the radium was missed 
it was found through the timely efforts of 
the radium detector. 


Fic, 2. 


In reality this instrument consists of 
nothing but a simple uncalibrated gold leaf 
electroscope with some suitable charging 
device. Normally the electroscope holds its 
charge for many hours or even days under 
favorable conditions but when brought in- 


Fic. 1. Fic, 3. 


* This paper was used as a part of the material submitted in application for degree of Master of Arts from the College of Charleston, 
Department of Physics, Horatio Hughes, M.A., Ph.D., Director 
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to the vicinity of radioactive material it 
loses its charge with greater rapidity on 
account of the ionization in the surround- 
ing air. 

While the idea of this instrument is cer- 
tainly not new, the device described here 
is so simple and inexpensive that its de- 
scription may be warranted. 

Figures 1, 2 and 3 show the instrument 
so completely that very little description 
is needed. 

The electroscope is fairly large, as a 
small instrument is not as sensitive to 
small quantities of radiation. It is mounted 
in a glass flask about 4 inches in height, 
the gold leaf is about 1X} inch and the 
ball on top is a 2 inch cork fishing float 
coated with aluminum paint. The charging 
device is the same as that previously de- 
scribed !* except that the old type of Ford 
spark coil is so difficult to obtain that the 
newer type without vibrator is used. Krom 


F. Liberson 
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this coil one impulse is delivered when the 
primary circuit is closed and opened. A 
condenser is shunted across the contact 
points. A coil of this kind is unnecessarily 
large but it hardly seemed justifiable to go 
to the trouble of winding a special one. 

Rough tests show that 1/13,000 r will 
produce an easily noticeable movement of 
the leaf; so mg. radium at 15 feet will do 
the same. Smaller amounts of radiation 
may be determined by timing the fall of 
the leaf. 

It is reasonable to believe that if every 
owner of radium needles, tubes and plaques 
would equip himself with some kind of 
electroscope, losses could be reduced to the 
point which would justify the lowering of 
insurance rates. 


1 Taft, R. B. Charging device for electroscope. Ra 
1926, 7, 513-514. 

2 Taft, R. B. Modifications of electroscopic C harging device 
Radiol: 1929, 72, 65. 


AN OVERHEAD AERIAL HIGH TENSION SYSTEM 
ESPECIALLY SUITABLE FOR SINGLE ROOM INSTALLATION* 


By ¥. LIBERSON, M.D. 
Roentgenologist, U. 8. Public Health Service 


HE recent advances in roentgen equip- 

ment increasing the safety of the high 
tension circuit by immersing the tube in 
the same case as the transformer, or by 
using flexible high tension insulating cables, 
fulfills satisfactorily the needs of a labor- 
atory using only one tube for all its activ- 
ities and makes unnecessary an aerial sys- 
tem in these installations. There is, how- 
ever, still a need for an overhead high ten- 
sion aerial in those single large-room in- 
stallations where separate equipment for 
the special roentgen examinations (such 
as gastrointestinal, genitourinary, chest, 
sinuses, bones and joints) is placed in- 
dividually in different parts of the room, 
each tube being energized by the same 
high tension generator. Such an aerial was 
designed by the author and four such ae- 


rials have been installed in the past five 
years at the Marine Hospitals, Hudson 
Street, New York, and Ellis Island, New 
York, and also in my private laboratory. 
Three of these were constructed by hos- 
pital mechanics. They have been so satis- 
factory and have stood the test of time so 
well that it is proposed to describe the 
aerial in detail here. 

Essentially the aerial consists of a large 
loop of brass tubing attached by a ““T” 
fitting to the generator anode high tension 
lead (Fig. 1). This loop, which is of such 
diameter as to come within 3 feet of the 
walls, is suspended from the ceiling by a 
number of insulating brackets and posts 
which attach on the inner aspect of the 
loop. This enables a single trolley wheel 
to be manipulated around the loop without 


* Approved for publication by the Surgeon General, U. S. Public Health Service. 
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interference by the screws attaching the the size of the room and the aerial) which 
loop to the posts or by the brass tubing — run parallel except at the ends, where they 
leading to the anode high tension terminal are sharply curved in towards each other 
of the generator. Within this loop, sus- at almost a right angle, and are insulated 


Kic. 1. This particular aerial is 9 feet long, and 6 feet wide. 4. Ceiling bracket extending arm, 34’ long, 4” 


wide, and 1” thick. B. Ceiling bracket, main arm, 72” long, 4” wide, and 1” thick. C. Suspension bracket 
extending arm, 36” long, 24” wide, and 13” thick. D. Suspension bracket main arm, 74” long, 24” wide, 
and 13” thick. E. Bakelite posts, 2’ long, 2” in diameter. F. Bakelite posts, 8” long, 14 


” 


in diameter. 
G. Continuous anode conduit, 3” brass tubing, attached to insulators, F, at H by a bolt with }” sleeve, 
to allow reel carrier, ¥, to pass all around conduit without interference. A firm contact of carrier 7 with the 
brass tubing is made by a spring-clamp, which can be released by a string attached, Y, when necessary 
to change its position. K. Cathode conduit, }” brass tubing, attached to bakelite insulator posts as at 
H. Inserted in each curve N there is a piece of insulating material, preserving the continuity of the tubing 
so far as the high tension circuit goes, but creating the two filament conduits. The filament current wires 
are attached to each of the cathode conduits at P, and run back through tubing to transformer. L. Reel 
carriers, constructed the same as 7 except that they are fastened together by a baeklite plate. A string, Z, 
is attached to a spring-clamp on this plate to allow moving the reel carriers to any desired position on the 
conduits. O. Anode attachment of lead from transformer. P. Cathode attachment of lead from trans- 
former. 9. Break in conduits, denoting that aerial can be placed at any desired distance from source of 
current supply. R. Attention is called to overhead transformer platform, insuring safety from high tension, 
and protection from breakage or rectifying tubes. This also affords space for control cabinet underneath, 
allowing short drop for transformer cables to control. 


pended from the middle part of the brack- (from each other) by bakelite pieces inter- 
ets, either in the loop’s long axis or at an posed between the ends (Fig. 2 
oblique angle to it, are two brass tubes these brass tubes is continued over the 


). One of 


trom 4 to 9 feet in length (depending upon loop to the cathode end of the generator. 
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The cathode trolley wheels, which travel 
freely over these parallel tubes, move as a 
unit, being held together by a piece of in- 
sulating material. 

The legend attached to the figures ex- 
plains the construction of the aerial in de- 
tail. The materials required are as follows: 
Dried maple for the brackets; bakelite for 
the posts; ?” brass tubing for the loop 
and cathode conduit. The bakelite posts 


Fic. 2. 


\ photodrawing of aerial as seen 
from the floor. 


are of two sizes: the upper ones are from 
2 to 25” in diameter, and approximately 
24” in length, or longer, depending on 
height of ceiling; the lower ones are from 
1” to 14” in diameter, and about 8” in 
length. The inner aspect of the brass tub- 
ing is attached to the bakelite posts by 
means of screws, with an interposed washer 
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1” long made of 3” brass tubing. The reel 
carriers and their spring clamps are de- 
scribed in the legend. 

The advantages of this overhead high 
tension aerial which speak for its wide 
adoption in departments where roentgen 
apparatus is concentrated in a single room 
with two or more tubes, may be summa 
rized as follows: 

1. There are no extraneous trolley wheels 
or wires suspended from the aerial, which 
may be dangerous to those in the exposure 
room during an exposure or the testing of 
the machine. Both trolleys are always in 
use. 

2. There is no possibility of coronal dis 
charge or leakage from points of the aerial, 
since there are no ends to the positive or 
negative conduits. 

3. Greater accuracy in the milliampere 
reading of the current which actually goes 
through the tube may be obtained, since 
the factor of leakage is eliminated. 

4. There are no high tension switches. 

5. There is not as much deposit of dust 
particles on the ceiling as with other over 
head aerial high tension systems, so that 
the ceilings need not be painted as often. 

6. The aerial is simple of construction, 
is inexpensive, and is of remarkably good 
appearance. 

I wish to express appreciation to my assistant 
Winthrop D. Conklin for the photodrawings and 
cooperation in this work. 
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E_sBeErRG, CHARLES A. The meningeal fibro- 
blastomas on the under surface of the tem- 
poral lobe, and their surgical treatment. 
Bull. Neurol. Inst. New York, March, 1932, 

118. 


2, 


Of 102 meningeal fibroblastomas in the au 
thor’s series of 767 verified tumors of the brain, 
15, or 14.7 per cent, lay on the under surface 
of the temporal lobe and were attached to the 
dura of the floor of the middle cranial fossa. 
They were usually encapsulated. Meningeal 
fibroblastomas increase in size very slowly. 

Clinical symptoms were convulsive seizures, 
usually generalized, occurring in 12 of the 15 
cases; homonymous hemianopsia occurred in 
4 patients; the visual field was contracted in 
10 patients and in 4 the blind spots were en- 
larged; nystagmus occurred in g patients; vis 
ual hallucinations occurred in 2 patients; 
papilledema was frequently seen. Unilateral 
facial weakness is not an important sign. The 
symptoms and signs are often vague, localiza- 
tion roentgenologically often being necessary. 

Thirteen of the above 15 patients were ex- 
amined roentgenologically; there was an atro 
phy of the floor of the sella tursica in g due 
to an increase in the intracranial pressure. 
Changes in the sphenoid ridge were found in 
cases in which the tumor occurred interiorly 
in the middle fossa. Other diagnostic features 
are hyperostosis, erosion or calcification within 
the tumor. Ventriculography produces dis- 
placement of the ventricular system which is 
diagnostic.—¥. H. Vastine. 


Mayer, Ernst G. Uber die réntgenologische 
Diagnose der Hypophysentumoren. (The 
roentgen diagnosis of hypophyseal tumors.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen, Nov., 
1932, £0, 497-519. 

Enlargement and erosion of the sella turcica 
occurs in tumors of the sellar region, hydro- 
cephalus of the third ventricle with accumu- 
lation of fluid in the cysterna chiasmatis, in 


senile atrophy of the skull, luetic disease of 


the pituitary, in cretinism, in eunuchoidism, in 
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neurofibromatosis and in cases of atrophy of 
the anterior lobe of the pituitary of uncertain 
origin. Hydrocephalus and neoplasm should 
be considered first of all in a case of erosion of 
the sella turcica. It is difficult to detect early 
enlargement of the sella because of the normal 
variations in its size. It is of great importance 
diagnostically to distinguish between direct 
erosion due to tumor and indirect erosion due 
to hydrocephalus. The differential diagnostic 
points stated by Stenvers are incorrect and are 
generalizations from isolated cases. In hydro- 
cephalus of the third ventricle the sella turcica 
shows either a general distortion of the bones 
or localized defects or a diffuse osteoporosis of 
certain regions. If there is erosion of the sella 
which is caused directly by a tumor, then it is 
possible to determine the primary site of the 
tumor, that is, whether it is endo- supra- para- 
or infrasellar. Abnormal calcification of the 
sella turcica region definitely favors, direct 
erosion from tumor. The type of enlargement of 
the sella, whether it is regular or irregular, is 
of no direct significance in differential diag- 
nosis. In the differential diagnosis the relation- 
ship of the dorsum sellae, the tuberculum 
sellae and the clinoid processes and the absence 
of calcification are of particular importance. 
The floor of the sella is of importance because 
asymmetrical enlargement is present only in 
exceptional cases when indirect erosion occurs. 
Enlargement laterally due to endosellar tumors 
is usually more regular than in the case of 
hydrocephalus and early loss of distinctness of 
the floor of the sella as seen in the roentgeno- 
gram is more commonly found in hydrocepha- 
lus than in tumors. In primary intrasellar tu- 
mors the mouth of the sella is relatively little 
changed while with tumors of suprasellar origin 
it is the first region to be changed. Calcifica- 
tions of the dura may present interesting points 
in differential diagnosis. Parasellar tumors 
erode the sella to the greatest degree, and not 
always symmetrically. They often lead to 
marked changes in the alae of the sphenoid, 
which is not the case with pituitary tumors. 
Flat flaky calcifications, if not related to the 
dura, favor a cystic lesion, especially if they 
are at the periphery of the tumor. Centrally 
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Sicuct cations favor solid tumors. 
caus tumors are generally malignant and 
rapidly destroy the body of the sphenoid and 
may also lead to changes in the accessory 
sinuses. The author presents reproductions of 
the roentgenograms illustrating the various 
types of sellar lesions.—E. T. Leddy. 

Daviporr, Leo M., and Dyke, Corne tius G. 

An improved method of encephalography. 

Bull. Neurol. Inst. New York, March, 1932, 

2, 75-94. 

Encephalography has become an indispens- 
able adjunct to neurological diagnosis. Follow- 
ing Dandy’s introduction of this procedure in 
1gig, the method of introducing air through 
the lumbar route (encephalography) was little 
utilized until 1925 when its value was empha- 
sized by Foerster, Wartenburg, Friedman, Fay, 
Pancoast, Pendergrass, and others. Ventriculog- 
raphy is the safer procedure in cases with in- 
creased intracranial pressure, whether due to 
tumor or some other cause. The disadvantages 
of ventriculography are that it is a relatively 
major surgical procedure, that it involves a 
certain amount of trauma to the brain, and 
that by the direct injection of air the ventricles 
alone are usually outlined. By enceph alography 
air may enter any region of the cranial cavity 
which is occupied by cerebrospinal fluid. More- 
over, with a little experience the procedure can 
be carried out by anyone capable of performing 
a lumbar puncture. Signs of increased intra- 
cranial pressure, in the presence of which en- 
is not performed, are papill- 
edema, vomiting and headache, convolutional 
markings, separation of the sutures and pres- 
sure atrophy of the sella turcica. These signs 
are considered more reliable than measurement 
of the spinal pressure in millimeters of mercury 
which is subject to considerable 
the individual case. 

The authors describe the technique employed 
by them, the chief departure of which is the 
making of a single film after removal of 25 c.c. 
of cerebrospinal fluid and injection of 20 c.c. 
of air, thus enabling them to know whether 
the ventricular system is normal in size or 
whether it is dilated. The amount of air neces- 
sary can thus be approximated, 50 to 70 c.c. 
of air being sufficient if the ventricles are nor- 
mal in size. The distressing symptoms vary 
according to the amount of air used relative to 
the size of the ventricles. They state that it is 


variation in 
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possible to obtain good encephalograms with 
much less air than is usually introduced and 
thereby to materially decrease the discomfort 
to the patient.—¥. H. Vastine. 


Rawak, F. Zur Differentialdiagnose des En- 
zephalogramms. (The differential diagnosis 
by encephalograms.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen, Nov., 1932, 520-529. 


The cases described by the author illustrate 
how an encephalogram may make a diagnosis 
in some cases in which neurologic signs are ob 
scure or are lacking. Encephalography may not 
only confirm the diagnosis of cerebral tumors 
but also definitely exclude one which is often 
of great importance. Rawak feels that en 
cephalography should be used more frequently 
in differential diagnosis of lesions of the mid- 
brain. In his experience it was impossible to 
differentiate the various types of hydroceph 


alus.—E. T. Leddy. 


NECK AND CHEST 
Gy6reyi, Géza. Die diagnostische Bedeutung 
der Pharynxtaschenfillung. (The diagnostic 
importance of the filling of pharyngeal 
pouches.) Fortschr. a. d. Geb. d. Réntgen- 
strahlen, Oct., 1932, £6, 422-427. 


The diagnosis of the condition dysphagia 
atonica described by Holzknecht and Olbert 
depends on a permanent filling of the pharyn- 
geal pouches after swallowing a mouthful 
thick barium. The author found filling of these 
pouches in 22.8 per cent of the 250 cases he 
examined. In some cases the filling was due to 
local changes in the pharynx and larynx; in 
others it was due to esophageal carcinoma, 
diverticula, etc., and their disturbing action on 
the innervation of the pharyngeal musculature, 
or pressure on the vagus nerve or its branches. 
Organic nervous disease in which there is dys 
phagia may show the same symptom. In other 
cases where there are local anatomical changes 
in the pharynx the filling may be due to changes 
in the normal tonus of the sympathetic nervous 
system. Dysphagia atonica is a valuable 
direct sign of many organic pharyngeal and 


esophageal lesions. Its investigation, during 


which many manifest and latent difficulties in 
swallowing may be brought to light, is easily 
carried out, and should not be omitted in any 


T. Leddy. 


thoracic or gastric examination. —F. 
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Vetpe, G. Der Lobus inferior accessorius im 
Réntgenbild. (Roentgen appearance of ac 
cessory lower lobe of the lung.) Fortschr. a. 
1. Geb. d. Réntgenstrahlen, Nov., 1932, #6, 


This accessory lobe occurs usually on the 
anterior medial aspect of the lower lobes; it 
may be on the right or left side; in many cases 
there is complete formation of an accessory 
lobe, in other cases only partial. Its size is 
quite variable and therefore the course of the 
interlobar septum is very variable. The shadow 
of this structure must be differentiated from 
that of encapsulated paramediastinal pleuritic 
exudate. If infiltration is not present and only 
a linear shadow can be seen, the occurrence of 
a pleuritis secondary to abdominal disease must 
be considered. The author reports 2 cases and 
states that it is difficult to determine the com 
monness of this malformation but in 3,2 
thoracic films he found 39 cases of lobus in 
ferior accessorius, or 1.2 per cent, and his cases 
occurred more frequently on the right side. 


E. T. Leddy. 


Pout, R. Der Lobus posterior der Lunge. (The 
posterior lobe of the lungs.) Fortschr. a. d. 
Geb. 4. Rontgenstrahlen, Nov., 1932, 76, 583 


32 


This condition which is an abnormal par 
tition of the lower lobe of the lung occurs only 
on the right side. The apex of the lower lobe 
is more or less completely separated into lobes. 
It can be visualized only when it or the neigh 
boring interlobar spaces are involved in some 
pathologic process. The lobe is occasionally 
found at autopsy but uncommonly by roent 
genography so the author feels that a know ledge 
of this lobe may help to clear up the diagnosis 
of certain obscure pulmonary lesions.—-F. T. 
Leddy. 

Rieper, H. Ein historischer Riickblick auf 
den réntgenologischen Nachweis von De 
struktionskavernen bei Anfangstuberkulose 
der Lungen. (A historical review of the ques 


tion of the roentgenologic demonstration of 


cavities caused by destruction of the lungs 
in early tuberculosis.) Fortschr. a. d. Geb. d. 


Réntgenstrahlen, Dec., 1932, ~6, 621-627. 


In the years 1908 to 1g1o Rieder reported 
that cavities in the lung did exist in early 


tuberculosis, which 


although demonstrable 
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roentgenologically could not be discovered by 
percussion or auscultation. He offered proof for 
this view before the Sixth Roentgen Congress 
in Berlin in 1gio. At that time his roentgeno- 
logic demonstration received little support be- 
cause the Congress was unwilling to admit that 
the changes he showed in the roentgenograms 
were due to cavities. In spite of this, Rieder 
maintained his view which he published in the 
Proceedings of the German Roentgen Society, 
volume 6, under the title “Cavities in early 
tuberculosis.” In recent many others 
have described these roentgenologic signs as 
‘‘new discoveries.” The author therefore would 
like to make a definite claim for priority and, to 
support it, reproduces the films he showed in 
ig1o. All show early stages of tuberculosis with 
cavities caused by destruction of the lung. 


E. T. Leddy. 


years 


SALINGER, Hans. Die Knochenbildungen in 
der Lunge mit besonderer Beriicksichtigung 
der tuber6sen Form. (Bone formation in the 
lungs, with special reference to the pseudo- 
tuberculous type.) Fortschr. a. d. Geb. d. 
Roéntgenstrahlen, Sept., 1932, 76, 269-275. 


Pseudo-tuberculous forms of bone formation 
in the lung must be distinguished from the 
lattice and diffuse type. The first are due to 
chronic stasis while the lattice type is due to 
malformation of tissues. In all reported cases 
which had massive tubercular bony deposits 
there was a mitral stenosis..--. T. Leddy. 


Witke, Apotr. Untersuchungen an Herzen 
mittels R6ntgenkymographie. (Study of the 
heart by roentgen kymography.) Fortschr. a. 
d. Geb. d. Réntgenstrahlen, Nov., 1932, $6, 


K ymography produces an image of the heart 
which allows the differentiation of the various 
contours of the auricles, ventricles, and vessels 
by the type of their respective motions. Asa 
result the analysis of particular parts of the 
contour of any cardiac region is improved and 
knowledge is obtained of the displacement of 
particular cardiac regions, relative to each 
other. In certain cases it is possible to obtain 
definite data from the visible changes in the 
relationship of auricle and ventricle, about the 
functional capacity of the heart and whether 
the variations are due to organic or functional 
causes, even when the size of the whole heart 


shadow is normal. Studies of the heart in 
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motion give information about the amplitude 
of pulsation, variations in the movements, and 
about disturbances in rhythm. In some cases 
the study may give definite information about 
the presence or absence of aneurysm and tumor. 


E. T. Leddy. 


Wacrer. Verdichtungen im Herzschat- 
ten. (Densities in the heart shadow.) Fortschr. 

a. d. Geb. d. Réntgenstrahlen, Oct., 1932, 46, 

450-457. 

Densities in the heart shadow may be chiefly 
attributed to extracardiac formations. The 
most common cause of the shadows which are 
superimposed on the heart shadow are calcare- 
ous deposits in the annulus fibrosus and the 
pericardium. Their differential diagnosis from 
other calcifications is discussed on the basis of 
4 cases.—E. T. Leddy. 


Pape, R. Uber einen abnormen Verlauf (‘‘tiefe 
Rechtslage”) der mesaortitischen Aorta de- 
scendens. (Abnormal situation (right trans- 
verse position) of the mesaortitic descending 
aorta.) Fortschr. a. d. Geb. d. Réntgenstrahlen, 
Sept., 1932, g6, 257-268. 


Pape reports 3 cases in which the descending 
aorta at its middle third was displaced to the 
right side of the thorax. All three showed 
changes from the simple S-form of the arch 
of the descending aorta to a high degree of 
aneurysm. The cause of this abnormal curva- 
ture is the high degree of mesaortitis, longi- 
tudinal extension of the aorta and an abnormal 
elasticity of the various parts of the vessel wall 
which favor the occurrence of an S-form. The 
roentgen appearance of the lesion is character- 
ized by (1) an abnormally convex shadow of the 
right arch behind the heart, (2) a sudden shift 
of the descending aorta towards the left side, 
and (3) by a shortening of the intermediate 
transverse arch shown by a transverse shadow 
in the right semi-oblique position and by simul- 
taneous filling of the esophagus.—E. T. Leddy. 


Wo tr, Arrur. Das frontale Herzbild als Mittel 
zur Beurteilung der Vergrésserung der einzel- 
nen Herzabschnitte. (The anteroposterior 
roentgenologic appearance of the heart as a 
basis for estimating enlargement of particular 
cardiac regions.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen, Sept., 1932, 46, 275-281. 


On anteroposterior screen examination the 
posterior angle which is made with the dia- 
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phragm is filled by the shadow of the vena 
cava. The posterior side of this shadow, which 
is triangular, is formed by the vena cava, the 
upper by the left ventricle and the lower by 
the diaphragm. In the normal heart this tri- 
angle is equilateral, the sides being 2.3 cm. 
long. When the left ventricle is enlarged (usual- 
ly from behind downward) the cava side of the 
triangle is shortened and when the enlargement 
is of a high degree, disappears entirely within 
the heart shadow. The cava shadow can there- 
fore be used to measure the degree of expansion 
of the left ventricle. Enlargement of the right 
ventricle is from before upward, so that the 
heart outline lies above the sternum. With 
these variations typical cardiac appearances 
occur. The normal heart shows a small oval, 
the aortic heart shows a semispherical outline, 
the mitral stenotic heart a spherical form and 
the heart with mitral regurgitation a wide oval. 


Leddy. 


Everssuscn, G., and Wetrz, G. A. Uber 
Zwerchfelladhasionen und Zwerchfellfalten. 
(Adhesions and folds of the diaphragm.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen, Sept., 
1932, £6, 282-286. 


Atypical irregularities of the diaphragm and 
the formation of folds (particularly those of the 
thoracic type) may easily be confused with ad 
hesions. Folds also occur in pneumothorax 
which shows that the ways in which folds and 
adhesions form are quite different. The authors 
discuss briefly some of the appearances of these 


folds.—E. T. Leddy. 
ABDOMEN 


Jounsron, C. G., and Brown, C. E. Studies 
of gall-bladder function. III. A study of the 
alleged impediment in the cystic duct to the 
passage of fluids. Surg., Gynec, © Obst., 
March, 1932, 54, 477-485. 


There are those (Sweet, Halpert, Bland, 
Demel, and Brummelkamp) who believe that 
the contents of the gallbladder are removed 
without passing back through the cystic duct. 
The great majority of investigators, however, 
believe that, although the absorption of certain 
constituents does take place through the gall- 
bladder lymphatics or blood vessels, the con- 
centrated bile leaves the gallbladder through 
the cystic duct to enter the duodenum as the 
result of certain physiological stimuli. 

Sufficient evidence has accumulated that one 


| 
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may say with little reservation that the gall- 
bladder does, under certain conditions, empty 
its contents. Strips of the gallbladder wall have 
been shown to contract (Lieb and McWharter, 
Ravidin and Morrison). The isolated bladder 
has been shown to respond to drugs which 
stimulate smooth muscle contraction (Ravidin 
and Morrison). For the bile from the gallblad- 
der to reach the duodenum by the ductal route, 
it must pass two possible obstructions, the 
cystic duct, with its valves of Heister and its 
cystic kink, and the sphincter of Gage and 
Oddi. McMasters and Elman, working with 
live dogs, unanesthetized, and fully recovered 
from operative effects, report definite spurts of 
bile from a tube connected to a cannula in the 
cystic duct, following a meal. They obtained 
cystic pressures as high as 260 mm. of bile. 
They also found that it required a pressure of 
100 mm. of bile, or more, to cause bile to flow 
into the duodenum from the common duct. 
Thus, it has been shown that the gallbladder 
contracts and that sufficient pressure is in- 
duced to force bile through the sphincter of 
Gage and Oddi. Johnston and Brown, in an 
effort to further substantiate the belief that 
the gallbladder does empty through the cystic 
and common ducts into the duodenum, have 
experimented on 7 living dogs and on freshly 
removed gallbladders from the human cadaver. 
They could find no impediment to the passage 
of fluid through the cystic duct at pressures 
usually found in the biliary tract. The authors 
do not discuss Whitaker’s work on cats, in 
which he roentgenoscopically observed iodized 
oil to pass from the gallbladder through the 
ducts into the duodenum.— 7. H. Vastine. 


Exiasz, Ernst. Neuere Gesichtspunkte bei der 
rontgenologischen Funktionsprifung der 
Gallenblase. (Recent conceptions of the 
roentgenologic tests of the function of the 
gallbladder.) Fortschr. a. d. Geb. d. Rontgen- 
strahlen, Oct., 1932, £6, 402-413. 

Eliasz states that the gallbladder may show 
simultaneously multiple and varying concen- 
trations so that specimens of the so-called A 
bile may under certain circumstances be ob 
tained when the gallbladder is emptied by 
means of a duodenal sound. The gradual dark 
ening of the bile from the duodenal sound may 
also be accounted for by different concentra- 
tions of bile. He feels that the formerly held 
view that with a thickened gallbladder wall the 
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concentration of bile is always low is not cor- 
rect. He assigns to the deposition of bile on a 
thickened gallbladder wall some hitherto com- 
pletely unexplained part in the formation of 
gallstones.—E. T. Leddy. 


Harinc, WitHELM, and Horsters, Hans. 
Réntgenbild und chemische Zusammenset- 
zung von Gallensteinen. (The roentgeno- 
graphic appearance and chemical composi- 
tion of gallstones.) Fortschr. a. d. Geb. d. 
Rontgenstrahlen, Nov., 1932, £6, 546-553. 


Various types of gallstones were photo- 
graphed, then roentgenographed first in air and 
then in artificial bile and in tetraiodophenol- 
phthalein. Then each stone was analyzed chem- 
ically. Comparison of the roentgenograms and 
the chemical composition of the stones con- 
firmed the well-known fact that roentgeno- 
graphic density increases with the inorganic 
material in the stones, particularly the calcium 
content. Cholesterin stones are clear when 
placed in bile or in an opaque substance (nega- 
tive stone shadows). Calculi made of pigment 
salts gave somewhat denser shadows than 
cholesterin stones. Radiating circular cavities in 
the stones were due to contraction from drying 
and were easily shown in the roentgenograms. 
Chemically, phosphates were found more often 
than has been assumed. It was interesting to 
note the small gallic acid content and that of 
the salts of gallic acid, the percentage of which 
in the bile is 8 to 10 per cent. This may be due 
to the fact that free gallic acid salts in the gall- 
bladder markedly suppress the expulsion of 
bile through a hormonal nervous effect. 


E. T. Leddy. 


SANDERA, Ropert. Das echte Duodenum in- 
versum. Eine typische Lagevariation des 
Duodenum. (True duodenum inversum. A 
typical variation in position of the duo- 
denum.) Fortschr. a. d. Geb. d. Réntgen- 
strahlen, Nov., 1932, 46, 576-582. 


In a previous paper Sandera proposed to 
classify congenital duodenal dystrophies in 
three groups in relation to causation and roent- 
gen signs as follows: (1) Duodenum mobile 
totale, (2) duodenum mobile inversum, and (3) 
duodenum partim mobile. In the group duo- 
denum mobile inversum a transitional type 
was found which the author calls true duo- 
denum inversum. Of the 7 cases reported by 
the author, 2 showed, at operation, anatomical 
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variations which he regards as typical. In these 
cases the duodenum is inverted and surrounds 
an abnormally shaped head of the pancreas ly- 
ing totally above the transverse mesocolon. 
The changes in position of the duodenum are 
probably congenital. The paper has a detailed 
consideration of the clinical and roentgen as- 
pects of the lesions.—F. T. Leddy. 

BArsony, T., and Koppenstrein, E. Spitzen- 
divertikel des Magenfundus. (Pointed di- 
verticula of the fundus of the stomach.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen, Oct., 
1932, 0, 414-422. 


Pointed diverticula are a special group of the 
diverticula in the cardiac end of the stomach. 
They are separated by a circular filling defect 
from the rest of the stomach and give a typical 
roentgen picture. The outlines of the diverticula 
are continuous with the contour of the stomach 
and are broken in contour by circular contrac- 
tions. The analogy with the diverticula of the 
human gallbladder and the gastric diverticula 
of hogs suggests that they are congenital lesions 
and do not cause severe difficulty symptomati- 
cally. Roentgenologically they cannot be con- 
fused with other conditions in the stomach. 


E. T. Leddy. 


BrERDERMANN, Fritz. Uber Spasmen am zoko- 
kolischen Sphinktertrakt. (Spasm of the ceco- 
colic sphincter.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen, Dec., 1932, 46, 670-679. 


The author discusses the morphology, causes, 
effects and clinical aspects of spasm of the ceco- 
colic sphincter. He calls attention to the pain 
this lesion produces and which causes the pa- 
tient to seek medical advice. Unless roentgen 
examination is carried out errors in diagnosis 
may be committed.-E. T. Leddy. 


RANKIN, Frep. W., and Major, S. G. Surgical 
treatment of tuberculosis of the large bowel. 
Surg., Gynec, S Obst., Oct., 1932, 55, 494 


Sol. 


Two types of tuberculous lesions occur in 
the large and small bowels: the first type, and 
the one most satisfactorily treated surgically, 
is hyperplastic tuberculosis, or so-called tuber- 
culoma, and the second is tuberculous ulcer- 
ative colitis, usually a widespread condition. 
Coexisting lesions of the thorax are common in 
the latter condition. Pulmonary tuberculosis 
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was much less frequent in the hyperplastic type 
of tuberculosis, the thorax being roentgeno 
logically negative in 56 per cent of the authors’ 
cases. 

Hyperplastic tuberculosis occurs most fre- 
quently in middle life, the average age of 65 
cases being thirty-five years. The ileocecal re 
gion is the site of election. Extreme chronicity 
of the disease, without sufficient incapacitation 
to demand early relief is characteristic. The 
average duration of symptoms in the authors’ 
cases was over four years. 

Symptoms: pain, most pronounced following 
meals and usually relieved by vomiting or 
evacuation; loss of weight, progressive over a 
rather long period; diarrhea, usually periodic, 
hemorrhage rarely. A tender, fixed mass can 
usually be palpated in the right ileocecal region 
which is doughy in consistency as contrasted 
with the hard indurated mass of carcinoma. 

Diagnosis of the hyperplastic type of tuber 
culous colitis may be made roentgenologically 
by eliciting evidence of local hypermotility 
with filling defects, the filling defects being 
the special manifestation. Stierlin’s sign is pres 
ent in any type of ulceration of the colon, be 
nign or malignant. 

The hyperplastic type of tuberculous colitis 
(tuberculoma) must be differentiated from car 
cinoma, actinomycosis, localized chronic ul 
cerative colitis and the deformity produced 
secondary to pericecal abscesses, usually ap 
pendicial. 

The ulcerative type of tuberculous entero- 
colitis is characterized by extensive diffuse 
narrowing, loss of haustra, and evidence of 
mucosal destruction with coexisting pulmonary 
tuberculosis as is frequently present in this 
type of intestinal tuberculosis. Differentiation 
must be made between tuberculous ulcerative 
colitis, amebic colitis, and chronic ulcerative 
colitis. Chronic ulcerative colitis characteris- 
tically begins in the rectum and progresses 
proximally; amebic ulcerative colitis and tuber- 
culous ulcerative colitis, on the other hand, be- 
gin in the cecum and progress distally. The 
presence of tuberculous colitis is postulated or 
ruled out by the condition in the thorax. The 
comparatively mild form of amebic colitis seen 
in northern latitudes has a roentgen appearance 
similar to that of chronic ulcerative colitis in 
that the affected portion of the colon is hyper 
irritable, the haustra are subdued, and signs 
of mucosal destruction are present; the colon 
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preserves its pliability, thickening of the wall 
is not so severe, peristalsis is not interfered 
with so markedly, and the entire process does 
not give the impression of the severity ob 


served in chronic ulcerative colitis. 

The ulcerative type of tuberculosis of the 
intestine is not suited to surgical treatment due 
to the extensive involvement. Very gratifying 
results are obtained by radical resection of the 
tuberculous tumor in the hyperplastic type of 
F. H. Vastine. 


the disease. 


GENITOURINARY SYSTEM 


Srern, ARTHUR, and RopGers, Morrimer. 
The influence of gynecological conditions on 
the genito-urinary tract as shown by simul 
taneous injections of skiodan or uroselectan 
(intravenously) and lipiodol; a preliminary 
report. Surg., Gynec. S Obst., Oct., 1932, 55, 
490-493. 

Simultaneous uterosalpingograms and intra 
venous urograms were made on II patients in 
an effort to demonstrate the relation between 
changes along the female urinary tract and 
physiological tumors, such as pregnancy and 
pathological conditions, such as fibroid tumors 
or ovarian cysts. All of the cases of pregnancy 
(5) in which this procedure was undertaken 
had been admitted for therapeutic interruption 
and so there was no hesitancy about injecting 
the uterus. In none of the patients, whether the 
stage of gestation was as early as six weeks or 
as late as six months, were uterine contractions 
noted or was any attempt made to expel the 
fetus; nevertheless, the authors would not do 
uterosalpingography in cases in which the preg 
nancy was expected to continue. Intravenous 
urography is not contraindicated in pregnancy. 

A dilatation of both ureters was observed in 
all pregnancy cases even as early as six weeks, 
this dilatation increasing with the period of 
gestation. On the other hand, with uterine 
myomata of a corresponding size no similar 
dilatation of either the kidney pelves or ureters 
was found. It was therefore concluded that 
the dilatation of the ureters in pregnancy is a 
purely physiological process, while a pelvic tu 
mor of a corresponding size, whether a fibroid 
or a cyst, is incapable of producing, by mechan- 
ical means alone, a similar condition. It is well 


to remember this physiological dilatation of 


the ureters in pregnancy that it may not be 
mistaken for a pathological process.—7. /7/. 
Vastine. 
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SKELETAL SYSTEM 


GeireL, P. Zur Kenntnis der Spaltbildung des 
Atlas und Epistropheus II. Teil. (The recog- 
nition of spina bifida of the atlas and axis. 
Part Il.) Fortschr. a. d. Geb. d. Réntgen- 
strahlen, Oct., 1932, 46, 373-402. 


The author discusses 35 cases of spina bifida 
of the atlas which occurred in 1,136 necropsies, 
an incidence of 30 per cent. Besides posterior 
medial spina bifida there occurred also defects 
in the anterior arch and in the posterior lateral] 
arches. He also describes 4 cases of defect in 
the axis, and points out the frequency with 
which defects occur in the atlas in contrast 
with the other vetebrae.—F. T. Leddy. 


Reep, Epwarp N. A case of complete dislo- 
cation between the fifth and sixth cervical 
vertebrae, without fracture. 7. Bone S Foint 
Surg., Jan., 1933, 75, 235-236. 


Reed states that complete dislocations be- 
tween vertebrae, without fracture, are infre- 
quent, and in the cervical vertebrae they are 
usually fatal. The case he reports is of interest 
because of the complete dislocation without 
fracture, and because, in spite of severe cord 
damage, the patient not only survived but re- 
covered a considerable amount of cord function. 

The patient was a young married woman 
aged twenty-three, who while playing on the 
beach was lifted up and came down on the top 
of her head, with her neck sharply flexed for- 
ward. She was immediately paralyzed in all 
extremities. The paralysis was at first spastic 
but in a few hours it became flaccid. Roent- 
genograms of her cervical spine showed an al- 
most complete dislocation of the fifth cervical 
forward on the sixth. There was no evidence of 
fracture. 

The dislocation was reduced on the day fol- 
lowing the accident by traction and manipula- 
tion, with the patient under anesthesia. A head 
harness was applied with two pounds of trac- 
tion weight. On the day following the reduction 
there was a recurrence of the dislocation as 
shown by roentgenograms. The dislocation was 
again reduced. 

The head traction with two pounds of weight, 
was kept on for four weeks followed by a 
Thomas collar for two months. In spite of 
scrupulous care, the patient developed an ulcer 
over the sacrum which was healed at the end of 
six months. At the end of two months there 
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were still increased reflexes in all four extremi- 
ties with ankle clonus and Babinski reflexes on 
both sides. All deep reflexes had been lost. 
There was also considerable motor return in 
the upper extremities and beginning of motion 
in the legs, with good tactile sensation and 
some pain and temperature sensation in all four 
extremities. Control of bladder and rectum 
were still lost at the time of the last check-up. 
Also marked incoérdination and muscular over- 
action in the lower extremities were present. 
In the upper, codrdination was fairly good. The 
patient could write a little, and sensation was 
good. She was also beginning to walk a little. 
In the lower extremities, from the suprapubic 
region downward, tactile sensation had returned 
but there was no pain or temperature sensation. 
R. S. Bromer. 


Goerre, K. Uber eine Form der Spondylar- 
thropathie der Halswirbelsdéule mit  radi- 
kularen St6rungen. (A form of spondylar- 
thropathy of the cervical spine with radicular 
disturbances.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen, Dec., 1932, £6, 691-701. 


In the case reported by the author there was 
spondylarthritic deformity, the cervical ver- 
tebrae were narrowed and intervertebral de- 
fects appeared. The fourth to eighth cervical 
nerves were affected and gave rise to sensory 
and motor disturbances, changes in the re- 
flexes, and muscular atrophy.—F. T. Leddy. 


~ 


« 


NIEDNER, Franz. Zur Kenntnis der normalen 
und pathologischen Anatomie der Wirbelkér- 
perrandleiste. (A contribution to the knowl- 
edge of the normal and pathologic anatomy 
of the contours of the vertebral bodies.) Fort- 
schr. a. d. Geb. d. Réntgenstrahlen, Dec., 1932, 
$6, 628-662. 


According to Schmorl, vertebral epiphyses 
do not have an enchondral growth, unlike 
those of the long bones. From calcified foci 
which are deposited at the vertebral angles of 
the cartilaginous strips in an irregular manner 
in the seventh year of life, the bony nuclei of 
the borders are developed. These enlarge, but 
to a lesser degree than the vertebral growth. 
At the twenty-fifth year these vertebral epiph- 
yses are united to the vertebrae. They exist 
in the vertebral borders as small rings about 
1.2 mm. high and 2.9 mm. wide. They are in- 
filtrated by the fibers from the annulus and in 
this manner allow resistance to pressure or 
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strain on movement transmitted to them by the 
intervertebral discs. They are important with 
respect to the function, rather than the growth 
and development of the vertebrae. Those dis. 
eases which affect the epiphyses of other bones 
do not affect the vertebral border epiphyses. 
This is particularly the case in regard to the 
so-called “persistent epiphyses’” which have 
been described by many authors. The absence 
of union of these epiphyses and the vertebra 
(or the persistence of an epiphyseal line) is 
found only in two endocrine diseases, endemic 
cretinism and Paltauf dwarfs. In these diseases, 
however, a quite different picture is found from 
that described as “‘persistent epiphyses.”’ Other 
than in the two diseases mentioned no case of 
persistent epiphyseal centers has been encount- 
ered in Schmorl’s Institute. The “‘persistent 
epiphyses” therefore require some other ex- 
planation as they do not occur even in eunu- 
choidism in which a large number of epiphyses 
of the long bones may remain ununited. As an 
explanation there may be considered calcifica- 
tions or bony gaps in the discs, spondylolitic 
growths of the borders and separated vertebral 
angles. The separation at the angles of the 
vertebrae have another explanation. It was 
formerly assumed that the triangular pieces of 
bone which were found in the lumbar vertebrae 
were of traumatic origin. This is not the case. 
They have the same origin as the cartilaginous 
nodules following prolapse of the vertebral 
discs. In spines with a predisposition and sub- 
jected to repeated shocks or pressure, the mar 
ginal tissues are dissociated from the carti- 
laginous disc and are dragged obliquely and 
anteriorly so that finally a triangular piece of 
bone is present at the anterior angle of the 
vertebral body. A knowledge of the slow de- 
velopment of those structures may be of value 
in settling lawsuits. In juvenile kyphosis the 
border epiphyses retain their normal structure. 
In this lesion there is a widening of the border 
contour of the lower anterior thoracic vertebrae 
as well as a marked flattening of the contours. 
These expansions are found only in the spine 
and are signs of juvenile kyphosis. The author 
can offer no support for the existence of the 
disease called “epiphyseal necrosis.” In spondy- 
litis deformans the bony contours show no 
changes.—E. T. Leddy. 


MARDERSTEIG, Kiaus. Zur Frage per- 
sistierenden WirbelkGrperapophysen. (Con 
cerning persistent apophyses of the vertebral 


column.) Fortschr. a. d. Geb. d. Réntgenstrah- 

len, Oct., 1932, £60, 441-449. 

The author demonstrated among 720 pa 
tients 2 cases of persistent apophysis of the 
vertebral column in eunuchoidism in which 
there were also other accessory bone nuclei of 
the vertebrae. This fact makes it apparent that 
the term apophysis is more correct than the 
terms epiphysis or contour ridge. The author 
agrees with the view of Junghanns that the 
small triangular shadows which are found at the 
anterior corners of the vertebrae are due to 
bone formation or calcareous deposit or to dis 
placed apophyses. Since he never observed the 
persistence of vertebral body apophyses dis 
tinct from the basal internal secretory disease, 
the author is unable to agree completely with 
the assumption of a traumatic origin—which 
is of importance in medicolegal work—until 
there is confirmation of this assumption by 
pathologic evidence gained at post-mortem ex 
amination.—FE. T. Leddy. 


Rarucke, L. Uber Kalkablagerungen in den 
Zwischenwirbelscheiben. (Calcareous depos- 
its in the intervertebral discs.) Fortschr. a. 
d. Geb. d. Réntgenstrahlen, July, 1932, $6, 


66-7 ¢. 


Rathcke reports on the frequency of nuclear 
and annular calcareous deposits in the spine 
as observed in 200 cases. Nuclear deposits are 
much more common than annular. Up to the 
thirtieth year of life these calcifications are 
rare, but after that they seem to be of equal 
frequency in both sexes. In a table the statis 
tical incidence is shown. No calcification was 
found in the cervical intervertebral discs. Nu 
clear and annular calcifications may occur in 
the same spine or in the same disc and often 
multiple annular or nuclear calcifications occur 
in the same spine. Multiple calcifications may 
lie one behind the other. The roentgenologic 
and clinical findings are compared and the 
point is brought out that the cases which show 
multiple annular calcifications encroaching on 


the soft parts or protruding from the edge of 


the vertebrae do not have symptoms. The size, 
form and location of the shadows have no re- 
lationship to the surfaces of the vertebral body. 
The annular deposits have no relationship to 
the osteophytic growths of spondylitis defor 
mans. Annular and nuclear calcifications give 
homogeneous intense shadows which are easily 
distinguished from true osteophytes. These 
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changes develop without clinical and physical 
signs. Their etiology is unknown. The author 
adopts the opinion of Schmorl that they are a 
degenerative process. 


E. T. Leddy. 


Cuasin, Apis. Uber Veranderungen in der Wir- 


belsaule nach Tetanus. (Changes in the spine 
after tetanus.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen, Oct., 1932, 46, 427-441. 


Chasin found 21 cases with more or less well- 


marked changes in the spine following tetanus. 
The roentgenologic characteristics are (1) flat- 


tening of one or more thoracic vertebrae as a 
result of which the height of the body may be 
decreased; (2) these changes are usually multi- 
ple; (3) there are zones of thickening in the 
upper and lower surfaces of the bodies; (4) 
focal thickening in the vertebral bodies is not 
seen; (§) the intervertebral spaces are normal; 
(6) no signs of an abscess were ever encount- 
ered, and (7) frequently there may be a ky- 
phosis at the level of the spine of the vertebra 
which is most involved. The clinical and differ- 
ential diagnosis from other lesions of the spine 
is discussed in detail—E. T. Leddy. 


KonrAD, and GeErsTEL, GusTAV. 
Klinisch-réntgenologische und pathologisch- 
histologische Befunde bei einem Fall von all- 
gemeiner Osteophytose (Osteoarthropathie 
hypertrophiante pneumique). (Clinical, roent- 
genological and pathologico-histological find- 
ings in a case of generalized osteophytosis 
(osteoarthropathie hypertrophiante pneu- 
mique).) Fortschr. a. d. Geb. d. Réntgenstrah- 
len, Dec., 1932, 46, 662-67 


KUHNE, 


The authors report the case of a boy sixteen 
years old who had lymphosarcoma with tumors 
in the lungs and very marked osseous changes 
in the long bones but none in the vertebral, 
pelvic, costal and cranial bones. There was a 
marked osteophytic growth in the volar side 
of the long bones of the fingers, a lesion not 
previously described. Microscopic examination 
of the bones after death confirmed the findings 
of C. Crump who first investigated osteophytic 
changes in the aged. The osteophytes in the 
juvenile bones showed no peculiarity.—F. T. 


Leddy. 


Van Atstyne, Guy S., and Gowen, G. How- 
Osteitis tuberculosa multiplex cystica 
(Jiingling). ¥. Bone Foint Surg., Jan., 1933, 


155 193-2 
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In 1920, Jiingling reported his observations 
on a cystic condition of bone for which he 
claimed a tuberculous etiology and which he 
named at that time, “‘ostitis tuberculosa multi- 
plex cystica.”’ In 1gt1 he first noted the affec- 
tion, involving the phalanges of the hands and 
the metacarpals and the phalanges of the feet 
and the metatarsals. Four later cases were ob- 
served by him and he noted the following facts: 
the onset of the disease is gradual; pain may be 
present early but is not severe; there is marked 
cystic degeneration of the bone which is readily 
demonstrable by roentgen examination; there 
is a tendency for the small cysts to fuse, form- 
ing larger cysts; there is a lack of involvement 
of the joints and periosteum; there may be 
lupoid involvement of the skin in the affected 
area; the histological picture shows epithelioid 
and lymphocytic cells, rarely giant cells, no 
caseation, and no tubercle bacilli; guinea pig 
inoculation is frequently negative for tuber- 
culosis and, when positive, is slow, requiring 
several months; the von Pirquet test is usually 
negative; the course of the disease is slow with 
a definite tendency toward spontaneous im- 
provement and even recovery. 

The authors base their claim for a tuber- 
culous origin of the case reported by them on: 
(1) microscopic tubercles in the cyst wall and 
in a regional lymph gland; (2) tubercle bacilli 
in the cyst content; (3) microscopic tubercles 
in the tissues of a guinea pig six weeks after 
inoculation; ( (4) tubercle bacilli in the inocu- 
lated guinea pig’s lymph nodes; with (5) a posi- 
tive von Pirquet test; (6) marked chronicity 
from the start, and (7) a very possible pre- 
éxisting pulmonary tuberculosis. 

They also state that no report was found in 
the literature of this disease occurring in the 
larger long bones. Since the article was written 


however, Schwenkter has reported a case of 


this condition in a young child in whom the 
long bones were affected. 

The lesions of their case are illustrated by 
roentgenograms of the fingers and toes, elbow 
and shoulder joint. 

Previous Jiingling’s report, Fleischner 
had called attention to the frequent associa- 
tion of lupus pernio and Boeck’s sarcoid with 
cystic changes in the bones analogous to 
the osteitis tuberculosa multiplex cystica of 
Jiingling, and attributed to both skin and bone 


lesions a common tuberculous origin.—R. S. 
Bromer. 
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Cone, Sypney M. Paget’s osteitis deformans 
in relation to cardiovascular disease. ¥. Bon 
& Foint Surg., Jan., 1933, 75, 190-192. 


Cone believes that his clinical observations, 
coupled with the pathological findings in more 
than goo autopsies, justifies the statement that 
osteitis deformans or Paget’s disease is the re- 
sult of chronic cardiovascular disease. It is the 
outcome of long-continued, intermittent high 
and low blood pressure, coupled with changes 
in organs of internal secretion so commonly ac- 
companying cardiovascular disease. It is the 
result of the pathological, mechanical action 
of cardiovascular force long continued on tis 
sues imprisoned by a dense encapsulated corti- 
cal bone and periosteum. This is encouraged 
by the internal secretions called on by bone 
changes already started by trauma, minute but 
constant. The bone changes are more severe 
where the pituitary, thyroid, or parathyroid 
glands are independently diseased. It is only 
after years of bone changes that static condi- 
tions produce the more characteristic curves 
and deformities by which the disease is clinically 
diagnosed. 

Of 112 cases of cardiovascular disease seen 
at autopsy, all showed severe bone changes. 
The most marked cases were in 3 old men. The 
other 10g cases were individuals varying in age 
from seventeen to eighty years. Fach had been 
the subject of cardiovascular disease for a long 
time. Disease of the heart musculature was 
common, valvular disease most usual and ar- 
teriosclerosis was invariable. Some of the older 
cases Cone states could not be distinguished 
from Paget’s disease on study of the bone sec- 
tions, except by the lack of excessive archi- 
tectural changes and greater amount of cell 


changes. In looking through the description of 


Sir James Paget’s cases, Cone found evidence 
of cardiovascular change in most of them. Also 
many of the cases described elsewhere in the 
literature were in persons with cardiovascular 
disease. 

It appears to Cone that leontiasis ossea, de- 
scribed in the literature as an independent en- 
tity or as an early manifestation of Paget’s 
osteitis deformans, points to a circulatory dis- 
turbance as the cause of the pathological dis- 
turbances in the bones.—R. 8. Bromer. 


ComperE, Epwarp L. The rdéle of the para- 


thyroid glands in diseases associated with 
skeleton. 


demineralization 


of the human 


? 
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Vor. XXXI, No. 5 Abstracts of Roentgen 
¥. Bone & Foint Surg., Jan., 1933, 75, 142 
150. 


Hyperparathyroidism, usually associated 
with an adenomatous tumor of one or more of 
the parathyroid glands, has been established as 
the etiological factor in the production of gen- 
eralized osteitis fibrosa cystica, a very chronic 
disease which progresses with pain, fractures, 
and disabling deformities, and may be fatal. It 
is a disease entity, Compere says, different 
from local osteitis fibrosa, osteitis deformans, 
osteogenesis imperfecta, osteomalacia, rickets, 
and ankylosing polyarthritis. The similarity in 
the roentgen appearance of some of the condi- 
tions in this group is well known, and the most 
experienced pathologist may at times find it 
difficult to differentiate between the gross or 
microscopic picture of bone affected by von 
Recklinghausen’s disease and a section of bone 
from a case of Paget’s disease. The clinical pic- 
ture of several of the abnormal skeletal con 
ditions mentioned may be similar to that of 
generalized osteitis fibrosa cystica (von Reck- 
linghausen’s disease). But while clinically, 
roentgenologically and pathologically similar, 
there is a difference in the biochemical mani- 
festations of these diseases as demonstrated in 
studies of the mineral metabolism. 

The mere recognition of osteoporosis of the 
human skeleton associated with hypotonia and 
decreased irritability of the muscles to electri 
cal stimuli, with or without an elevation of the 
serum calcium, is too little evidence upon which 
to base a diagnosis of overfunction of the para- 
thyroid glands. The presence of enlarged para- 
thyroid glands, in the absence of a negative 
calcium balance, or at least a reduced calcium 
balance, is not enough evidence to justify their 
removal. Hyperplasia of the parathyroid glands 
may be a purely compensatory enlargement in 
response to a demand of the organism as a re- 
sult of a deficiency of calcium absorption from 
the bowel. This has been demonstrated clinical- 
ly in cases of deficiency diseases, such as osteo- 
malacia and rickets. Since parathyroid tumors, 
benign hyperplasia, were produced experimen- 
tally on a deficiency diet and were found to re 
cede when the deficiency was corrected, the 
hyperplasia in this condition was obviously 
compensatory. 

In the reported cases of parathyroidectomy 
for ankylosing polyarthritis, a review of the 
description of the microscopic studies as well 
as of the photomicrographs published has failed 
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to demonstrate a true adenoma of one or more 
of the parathyroid glands in the series. Although 
the serum calcium may be slightly above nor- 
mal, the inorganic phosphates of the plasma 
are normal, and the calcium balance is positive. 
Demineralization of the skeleton in polyarthri- 
tis may be accounted for as atrophy of disuse. 
All this is evidence that ankylosing polyarthri- 
tis is probably not caused by hyperparathy- 
roidism. 

There is no good evidence that Paget’s 
disease is caused by hyperparathyroidism. In 
this condition the calcium and inorganic phos- 
phate content of the blood are normal; the 
calcium balance in the chronic phase of the 
disease is markedly positive; the output of 
urinary calcium is greatly decreased; and the 
parathyroid glands are usually found to be en- 
tirely normal in size and in microscopic struc- 
ture. 

Parathyroidectomy in cases of ankylosing 
polyarthritis or of Paget's disease is not a justi- 
fiable procedure unless there is more adequate 
evidence of parathyroid gland pathological 
changes than has been presented in reports of 
cases in the literature —R. S. Bromer. 


Battin, Max. Parathyroidism in reference to 
orthopaedic surgery. 7%. Bone © Foint Surg., 
Jan., 1933, 75, 120-134. 


Ballin begins his paper by stating that para- 
thyroidism due tc hyperplastic or adenomatous 
conditions of the parathyroid glands has be- 
come a recognized entity. He uses the shorter 
word parathyrcid'sm instead of the longer word 
hyperparathyroidism. Its main symptoms are 
an elevated serum calcium with some decrease 
in the serum phosphorus, increased calcium 
and phosphorus in urine and feces, larger than 
the intake, and therefore a negative calcium 
and phosphorus balance. It is important to 
understand that this surplus of calcium in 
serum and excretions under the influence of in- 
creased parathyroid function is taken from the 
skeleton; therefore decalcification of the bones, 
osteoporosis and late regressive changes, os- 
teitis fibrosa cystica, bone cysts, osteoclastic 
processes, giant cell tumors, deformities, and 
pathologica! fractures of the softened bones are 
sequelae of increased parathyroid function 
that is, parathyroidism. Besides the skeletal 
changes, gastrointestinal and urinary symp- 
toms, metastatic calcium deposits, and mus- 
cular hypotonia occur. 
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Repeated injections or overdoses of para- 
thormone will produce decalcification of the 
skeleton, typical osteitis fibrosa cystica with 
osteoclastic processes and giant cell formation, 
hypercalcinuria, intestinal upsets, great mus- 
cular weakness, and, in poisonous doses, death 
from these symptoms. These same conditions 
are seen in human beings suffering from para- 
thyroidism. 

Ballin has collected 100 cases in the litera 
ture, together with his own, in whom para- 
thyroidectomy was performed and in all except 
a few, suffering surgical mortality, good results 
were obtained. Three of these cases died from 
postoperative tetany and in a few no parathy- 
roids were found. He advocates leaving one or 
possibly two functioning parathyroids. 

The following types are recognized: (1) the 
vertebral form, mainly expressed by kyphosis 
and compressed vertebrae, usually slow in prog- 
ress; (2) the infantile type, usually more rapid; 
(3) the arthritic type; (4) the Paget type; (5) 
types where muscular hypotonia or gastroin- 
testinal symptoms are more prominent than 
the skeletal. 

People of all ages are subject to the disease. 
In the first type, the vertebral, Ballin places 
the cases of wedge-shaped vertebrae causing 
kyphosis, sometimes called disturbances of the 
nucleus pulposus, cases that resemble meta- 
static carcinoma, and patients who in old age 
become shorter and bend over due to the so- 
called senile spondylarthritis or senile kyphosis. 

In the second class, the infantile, he groups 
the usual type of osteitis fibrosa cystica as seen 
in the young, cases which from the roentgeno- 
grams reproduced, resemble osteogenesis im- 
perfecta, multiple enchondromata, and even 
the cases of so-called slipping epiphysis. In the 
latter instance he has operated upon 4 cases, 
claiming beneficial results after parathyroidec- 
tomy, recommending that the operation be per- 
formed early. Even though he calls this group 
infantile, he classes the case reported by Quick 
and Hunsberger, aged eighteen, under this 
heading. 

In the third, the arthritic form, he states 
that parathyroidism has a distinctive place as 
to origin of the disease. 

He believes that the results of parathyroidec- 
tomy in his cases of Paget’s disease confirm the 
opinion that osteitis fibrosa cystica and Pagets’ 
disease are identical and can be controlled by 
parathyroidectomy. 
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In the fifth type, he states, a few cases of 
parathyroidism will express themselves mainly 
in gastrointestinal symptoms while in others 
muscular weakness will be outstanding. He ad. 
vises four methods in determining the latter: 
(a) the determination of the milliamperes 
needed to provoke the muscular contraction 
(Oppel); (4) chronaxia; (c) the use of the mov- 
ing picture to show the slow and weak action 
of muscles (Rowntree); (¢@) the electrocardio- 
gram to show weakness of the heart muscle. 

Using the ideas of Moreau as an hypothesis 
he classes sclerosing diseases of bone as melo- 
rheostosis (Léri), leontiasis ossea, Sicard’s dis- 
ease, and the eburnating osteitis of Putti as 
likely parathyroid disturbances. He also men- 
tions marble bones, osteopoikilosis, hypophys- 
eal dysostosis or Schiller-Christian’s syn 
drome, calcification of the nucleus pulposus 
and Ktimmell’s disease as probable members of 
the group. 

In his conclusion, he mentions that besides 
the parathyroid, the thyroid, Cushing’s syn- 
drome in certain adenomata of the anterior 
lobe of the pituitary gland, and other rarer 
endocrine disorders may show skeletal dis 
turbances, but probably a parathyroid factor 
is present in all of these types. 

As to treatment, a trial with the well-known 
therapy for rickets and osteomalacia (sunlight 
ultraviolet rays, irradiated cod-liver oil, and 
calcium preparations) is worth while; transi 
tory forms from rickets, Ballin states, with 
only compensatory hyperplasia of the para 
thyroids to real parathyroidism, also mild 
types of the latter, may yield to such treat 
ment. Rapidly progressive cases of parathy- 
roidism and exacerbations after temporary re- 
missions should be operated upon before per 
manent deformities of the skeleton or serious 
damage, especially to the kidneys, supervene. 

R. S. Bromer. 


Bauer, Water. Hyperparathyroidism: A dis 
tinct disease entity. ¥. Bone & Foint Surg., 
Jan., 1933, 75, 135-141. 


Bauer believes that there are not sufficient 
data at hand to prove that arthritis and Paget's 
disease are due to an increased secretion of the 
parathyroid hormone. Hyperparathyroidism or 
generalized osteitis fibrosa cystica is a clear 
cut, distinct disease entity caused by an in 
creased secretion of the parathyroid hormone. 
All cases thus far reported have been due to a 
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parathyroid adenoma. The entire skeleton is 
affected. Arthritis and Paget’s disease are 
never generalized skeletal diseases. This fact 
argues against their being of parathyroid origin. 

The alterations in the calcium and _ phos- 
phorus metabolism hyperparathyroidism 
are: (1) an elevated serum calcium; (2) a de- 
creased serum phosphorus; (3) an increased 
calcium excretion; (4) an increased phosphorus 
excretion. 

These alterations may be accompanied by 
some or all of the following clinical symptoms 
and signs: polydipsia, polyuria, weakness and 
loss of strength, constipation, loss of appetite 
and loss of weight, indefinite muscle and joint 
aches and pains, bone tenderness, frequent 
fractures, often following slight trauma, de- 
creased excitability of the nerves, skeletal 
shortening, kyphosis, bone tumors, frequently 
diagnosed as epulis of the jaw or giant cell 
tumor in other bones, kidney or ureteral stones, 
and anemia with leucopenia. The roentgen 
findings are characteristic; such as, generalized 
decalcification, bone tumors, multiple bone 
cysts, fish-type vertebral bodies, etc. 

He does not believe that any patient should 
be subjected to a parathyroidectomy until 
sufficient evidence has been gathered from the 
history, physical examination, roentgen exami- 
nation and metabolism studies to leave no 
doubt as to the correctness of the diagnosis of 
hyperparathyroidism. Serum calcium and phos- 
phorus determinations should be made as well 
as serum phosphatase and total calcium and 
phosphorus metabolic studies. 

Previous cases reported in whom parathy- 
roidectomy was performed for arthritis of the 
ankylosing type and for spondylitis deformans 
(Striimpell-Marie type) were operated upon 
and no studies were presented in the reports to 
show previous alterations in the calcium and 
phosphorus metabolism, nor were sufficient 
data pertaining to the history, physical ex- 
amination and roentgen examinations pre- 
sented to enable one to make a diagnosis of in- 
creased parathyroid function. The mere eleva- 
tion of the serum calcium which is occasionally 
found in arthritic cases is not sufficient evi- 
dence on which to base a diagnosis. As a result 
of studies made by himself and others, Bauer 
can state that no changes in the serum cal- 
clum or serum phosphorus were found in 
arthritic cases of a degree sufficient to enable 
one to make a diagnosis of hyperparathyroid- 
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ism. The alterations in the calcium and phos- 
phorus metabolism were hardly any more 
marked than one obtains in a study of alarge 
series of normal individuals observed on the 
same regimen. Improvement reported in some 
cases following parathyroidectomy may have 
been due to anesthesia, rest in bed, or a natural 
remission of the arthritic process as is some- 
times observed. In 7 cases observed at the Mas- 
sachusetts General Hospital, all showing suffi- 
cient evidence to make a diagnosis of hyper- 
parathyroidism, none showed any coincident 
arthritis. 

Bauer cannot agree with the statement made 
that Paget’s disease is also caused by hyper- 
parathyroidism. Paget’s disease occurs in older 
people, usually males, and is regularly associ- 
ated with marked arteriosclerosis, whereas hy- 
perparathyroidism is met with in all age groups, 
more commonly in females, and arteriosclero- 
sis is not a common finding. Malignant bone 
tumors develop in a fair number of cases of 
Paget’s disease, but rarely, if at all, have they 
been observed in hyperparathyroidism. Renal 
calculi are rarely found in Paget’s disease but 
are very often found in hyperparathyroidism. 
The bones in Paget’s disease are soft, often 
bowed, and a thickened cortex is demonstrable 
on both roentgen and macroscopic examina- 
tion. In hyperparathyroidism, roentgen ex- 
amination shows bones with thinned cortices, 
bone cysts, and the brown tumors described by 
von Recklinghausen. 

A high serum phosphatase is present in both 
diseases, but is more marked in Paget’s disease. 
This elevation may occur in other conditions 
than Paget’s disease. Patients with the latter 
condition showed no elevation of the serum 
calcium or lowering of the serum phosphorus. 
The patients studied by Bauer and others were 
cases of Paget’s representing various ages, and 
also the early and late stages of the disease. 
Schmorl concluded that Paget’s disease was not 
due to hyperparathyroidism because of his in- 
ability to find bone tumors. He also found no 
enlargement of the parathyroids in Paget’s dis- 
ease under normal conditions. In discussing its 
etiology he presents certain evidence that the 
observed pathology might best be explained on 
a vascular basis, and also suggests that stress 
and strain may well play a réle in bringing 
about the bone changes. In support of this theory 
he shows that the bones subjected to the most 
stress and strain are most frequently involved. 
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Mere clinical improvement in cases follow- 
ing parathyroidectomy in Paget’s disease 
should not be regarded as proof that hyper- 
parathyroidism is a cause of the condition, in- 
asmuch as in the natural course of the disease 
there may be periods when the patient may 
complain of very few symptoms.—R. 8. Bromer. 


FuNnsTeN, Ropertr V. Certain arthritic dis- 
turbances associated with parathyroidism. 
¥. Bone & Foint Surg., Jan., 1933, 75, 112 
11g. 


A survey of arthritic cases was made in order 
to isolate those which might fit into the para- 
thyroid group. Ninety-five cases of arthritis, 
chiefly of the ankylosing type, were examined. 
Twenty-six of these showed symptoms sug- 
gestive of parathyroidism. The development 
of arthritis in the presence of parathyroid dis- 
turbance is a common occurrence, and is fre- 
quently responsible for the first symptoms. 

The history of the patients is that of pro- 
longed pain, weakness, and stiffness in the 
joints, particularly the spine, and the pain is 
not relieved by orthopedic methods for any 
considerable time. The pain may be paroxys- 
mal, especially in the spine and abdomen. 
Roentgen examinations show characteristic de- 
mineralization of the spine, long bones and 
skull. The diagnosis may be substantiated by 
means of repeated blood and urine calcium de- 
terminations and chronaxia. Following para- 
thyroidectomy there is almost immediate relief 
of pain and a feeling of relaxation in the joints. 
In the milder cases, when it is not possible to 
make an absolute diagnosis and in poor surgi- 
cal risks, treatment by means of cod-liver oil 
concentrate and calcium gluconate accom- 
panied by conservative orthopedic treatment 
may lead to improvement and arrest of the dis- 
ease, at least temporarily. 

Parathyroidectomy was performed in 14 of 
the 26 cases. Only one of the cases operated 
upon failed to show improvement. This young 
woman had cervical arthritis with radiculitis. 
Nine cases showed marked improvement. 
Within a day or two following operation, the 
sensation of stiffness in the joints began to dis- 
appear and there was less pain and more ease 
of motion. The cases were classified as markedly 
improved only when entirely free from pain 
and when the roentgenograms showed an in- 
creased density in the bones. Four cases were 
moderately improved. The shortest postopera- 
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tive observation was four months; the longest 
period of observation was eighteen months. 
The operations for the removal of the para- 
thyroids, all of which were performed by Dr. 
Ballin, have not been accompanied by tetany 
or shock, and can be considered sufficiently 
harmless to justify the procedure in even the 
milder cases.—R. 8. Bromer. 


Nacuias, I. Considerations on the 
use of parathyroidectomy for arthritis. 7. 
Bone & Foint Surg., Jan., 1933, 75, 1$1-152. 


Parathyroidectomy has been performed for 
the cure of arthritis and favorable results have 
been reported in some patients. Under the 
heading of arthritis a heterogeneous group of 
clinical syndromes is included. One would, says 
Nachlas, hardly give credence to any proposed 
single cure for all classes of dermatitis, though 
the point of involvement is the same in all 
cases. In the same way, one can hardly accept 
any one method of cure for the numerous ail 
ments which happen to have as their common 
interest only a predilection for synovial mem- 
branes. 

The use of parathyroidectomy as a thera 
peutic measure in arthritis predicates dis- 
turbances of lime-salt metabolism and is based 
on the fact that the parathyroid secretion 
mobilizes these salts. While the evidence is 
quite convincing that calcium-phosphorus de- 
posits in bone are affected by these endocrine 
glands, one can hardly accept, without some 
doubt, the statement that arthritis is a dis- 
ease of mineral-salt metabolism. Nachlas has 
studied the serum calcium in 37 cases and has 
found no change from the normal. In the same 
cases, the blood phosphorus was studied with 
the idea of differentiating the hypertrophic 
from the infectious arthritic, but no uniform 
variation from the normal reading was ob- 
tained. The only deduction that could be made 
was that the phosphorus level was lower in the 
osteoarthritic than in the infectious arthritic. 
He believes from the data obtained, that no one 
has the right to assume that arthritis is the re- 
sult of calctum-phosphorus dyscrasia. 

Most of the parathyroid therapy for bone 
conditions is based on the assumption that the 
hormone removes lime salts from the osseous 
tissue. Recent investigations have shown that 
this is a matter of dosage. The effect of the 
parathormone in animals varies with the cal- 
cium-phosphorus intake in a very decided man- 
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ner. The diet is linked with the whole problem. 
The question of what becomes of the lime 
salts liberated from the skeletal system has not 
been answered. Laboratory experiments have 
shown that the liberated calcium phosphate 
may be deposited in other areas, such as the 
blood vessels and the kidneys. The importance 
of accurate knowledge of the production of such 
calcifications need hardly be stressed, since ob- 
viously the cure may prove to be much more 
serious than the disease. Nachlas thinks that it 
is desirable at present to entrust the proposed 
thyroidectomy for arthritis to capable investi- 
gators rather than to accept it as a determined 
curative method for arthritis.—R. 8. Bromer. 


BuscHBECK, Beitrag zur Kenntnis 
rontgenologisch Sichtbarer (bisher als Enos- 
tosen beschreibener) Gebilde in der Femur- 
spongiosa. (Contribution to our knowledge 
of the roentgen visibility of shadows in the 
femoral spongiosa (hitherto termed enos 
toses).) Fortschr. a. d. Geb. d. Réntgenstrahlen, 
July, 1932, 46, 53-66. 


The author reports 11 cases diagnosed histo 
logically as calcified enchondromas, on the 
basis of which he attempts to represent their 
peculiar roentgen appearance. In the light of 
his experience he reviews critically the cases 
published by Salinger and Luber.-F. T. Leddy. 


FABER, ALEXANDER. Kippstellung des Talus. 

( Dislocation of the astragalus.) Forts Ar. 

a. da. Geb. d. Rontgenstrahlen, Oct., 1932, 46, 

457-402. 

By roentgenologic examination of the ankle 
joint in forced supination and pronation and 
moderate dorsoflexion of the foot in the dorso- 
plantar roentgen position, there has been 
recognized for a long time a type of distortion 
of the ankfe joint which may be attributed to 
rupture or weakness of the lateral ligaments, 
giving rise to a deviation of the astragalus 
within the malleolar fork. In this type of roent 
genogram of the astragalus there is a deviation 
toward the side of the injury to the ligaments. 
It is necessary to examine both feet for this de 
Viation as other non-traumatic causes such as 
defective or weakened ligaments may give rise 
to a similar malposition of the astragalus. It is 
often impossible to decide whether this lateral 
dislocation is of traumatic origin or is due to 
primary defectiveness. From the point of view 
of prognosis and therapy of recent distortions, 
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it seems better to use the method of examina- 
tion described by the author rather than to 
rely on the clinical history or the usual roent- 
gen examination to exclude fracture. The 
method detailed is important in insurance 
cases because it allows an objective determina- 
tion of the status of old dislocations inde- 
pendent of the subjective symptoms of the 
patient.—F. T. Leddy. 


RoBertson, Roperr C., and BoGart, FRANK- 
LIN B. Fracture of the capitellum and troch- 
lea, combined with fracture of the external 
humeral condyle. ¥. Bone & Foint Surg., 
Jan., 1933, 75, 206-213. 

The authors report 3 cases of vertical frac- 
ture of the capitellum and trochlea en masse, 
combined with oblique fracture of the external 
condyle, the displacement of the fragment 
being usually upward and forward. They state 
the fracture may be produced by falls on the 
hand with the elbow extended. Another au- 
thor, whom they quote, describes two mecha- 
nisms: the one such as mentioned above, the 
force being transmitted through the long axis 
of the radius and ulna to the capitellum and 
the trochlea; the second being a blow on the 
upper part of the dorsum of the partially flexed 
forearm, transmitting the force through the 
articular end of the ulna and the head of the 
radius to the capitellum and the trochlea. In 
Robertson and Bogart’s cases, 2 of the 3 
showed bony union in good position, with good 
functional results following closed reduction. 
Other authors have advocated excision of the 
fragment as the treatment of choice. The 
article is well illustrated with roentgenograms 
of the fractures before and after reduction. 
R. 8. Bromer. 


Peaspopy, CuHartes W., and Muro, 
Congenital metatarsus varus. ¥. Bone & 
Foint Surg., Jan., 1933, 75, 171-189. 


This paper is a summary of the pathological 
character and, in most instances, of the re- 
sponse to treatment of 14 cases of a congenital 
foot deformity, apparently to be recognized as 
a definite clinical entity, distinct from talipes 
equinovarus, yet almost devoid of considera- 
tion in text and literature in the English lan- 
guage. The European Continental literature of 
the last twenty-five years was found to con- 
tain numerous references and case reports of 
this condition in which Peabody found some of 
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distinct value in the study and treatment of the 
deformity. The general type of deformity may 
be properly divided, he says, into metatarsus 
adductus and metarsus varus. 

The differentiation from the common type of 
club-foot is made easier by the following 
points: (1) equinus is never present in this de- 
formity as in common club-foot; (2) the sole of 
the foot is always flat, or nearly so; (3) in spite 
of the impression of a varus foot, there is seen 
to be no ankle varus or supination at the sub- 
astragaloid joint, but on the contrary, valgus or 
pronation, with marked inward rotation and 
luxation of the head of the astragalus, the 
scaphoid and mesial cuneiform being displaced 
laterally. 

The major element of the deformity involves 
the forefoot, beginning with the cuneiform 
bones, which are rotated in a varus direction 
and are abnormally overlapping, so that the 
upright perpendicular might pass through all 
the second, third and fourth to a marked de- 
gree, are incurved in their diaphyses and to 
some degree are dorsally convex. The first 
metatarsal is usually straight, but articulates 
at its base with the mesial aspect of the inner 
cuneiform and makes a marked varus angle 
with the mesial aspect of the foot back of this 
point, the greatest concavity being between the 
scaphoid and the metatarsal. The cuneiform 
tends toward a lateral position with respect to 
the scaphoid. In the younger cases, no incurv- 
ing of the metatarsal is frequently shown, but a 
distinct adduction deviation of the metatarsus 
on the tarsus, but with the same abducted or 
valgus position of the calcaneum and inward 
rotation and depression of the talus. This group 
presents the possibility of a separate classifi- 
cation of “‘metatarsus adductus.” Stresses re- 
sultant from walking on this type of foot would 
be very likely to bring about the incurving and 
luxations noted in the older cases. 

The deformity was not noted in infancy in 
Peabody’s cases and also was not noted usually 
until walking began and became more apparent 
as time went on. Functionally, the effect in the 
smaller children was of tripping and stumbling. 
In older children the outer border of the foot 
became callous and painful, the shoes became 
out of shape and were quickly worn through, 
with clumsiness persisting in the gait. 

Etiologically, the theories commonly put for- 
ward have been those in the past frequently 
ascribed to talipes equinovarus, namely, amni- 
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otic compression. Bankhead, however, con- 
sidered that as a result of his operative findings 
in his cases that the internal cuneiform bone 
was absent and, by this failure of development 
was responsible for the deformity. Peabody’s 
cases observed after the normal age of ossifica- 
tion of this bone have shown its normal de- 
velopment roentgenologically. In one case a 
distinct anatomical variation in the insertion of 
the tendon of the tibialis anticus was found, it 
being inserted with fan-like multiple fibers into 
the plantar fascia or the mesial portion of the 
transverse metacarpal ligament instead of the 
mesial aspect of the cuneiform as in normal 
cases. 

In the cases of metatarsus adductus, satis- 
factory results were obtained by molding in 
plaster only. In metatarsus varus, only mild 
cases respond to this technique and open opera- 
tion is necessary in most cases.—-R. §. Bromer. 


FERGusON, ALBERT B. Short metatarsal bones 
and their relation to poliomyelitis. ¥%. Bon 
Foint Surg., Jan., 1933, 75, 


FKerguson’s article deals with those cases in 
which one or more of the metatarsal bones from 
the second to the fourth is short relative to the 
others with no evidence of fracture, malforma- 
tion or disease. Such cases are usually referred 
to as congenital malformations, but this is 
rarely the cause of the shortening. 

Forty-two cases of simple shortening of the 
second, third, and fourth metatarsal bones were 
studied. Twenty-seven of the 42 patients were 
known to have had poliomyelitis, 7 probably 
had it, § may have had it and 3 had no history 
or muscular weakness suggesting it. 

Ferguson thinks the deformity is the sequel 
of poliomyelitis in most cases and its presence 
is strong evidence that the patient has had the 
disease unless congenital club-foot is present. 
The deformity tends to occur in those cases in 
which there has been extensive paralysis of a 
leg early in life (before the age of four), with in- 
volvement of the anterior tibial muscle, but the 
deformity does not appear until early adoles- 
cence, when the epiphysis unites prematurely. 
In no case of the series did the deformity ap- 
pear to be a congenital malformation.—R. 8. 
Bromer. 


Criark, Dwicur F., and Quint, H. A. Dis- 


location of a single cuneiform bone. 7. Bone 
& Foint Surg., Jan., 1933, 755 237-239. 
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The authors after reviewing the literature 
found scarcely a half dozen references in which 
mention is made of a dislocation of the anterior 
tarsal bones of the foot and none could be 
found of displacement of a single cuneiform 
bone. Roentgenograms of their case of disloca- 
tion of the middle cuneiform bone of the right 
foot are shown, taken immediately after the in- 


jury, after ten days following an unsuccessful 


attempt at reduction, and after the fifth week 
following osteotomy of the middle cuneiform. 

The patient’s right foot was doubled under 
the brake pedal when her automobile skidded 
and hit a tree. She felt no particular pain at the 
time of injury. 

The case is reported by Clark and Quint be 
cause of its rarity and because of their opinion 
that such cases may occur more often than is 
supposed. It is probable that imperfectly taken 
roentgenograms, especially those in the lateral 
position with a certain degree of rotation, may 
fail to bring out such a displacement even when 
well interpreted. Furthermore, inexperience in 
interpretation in either good or bad roent- 
genograms may be responsible for the neglect 
of recognition and proper treatment of this 
disabling injury. The laying down of fibrous tis- 
sue in the normal bed of the displaced bone soon 
makes mechanical reduction impossible. Re- 
duction may not even be accomplished when 
attempted early. In the few instances on record 
of displacement of the anterior tarsal bones, 
both untreated and treated cases show uni 
formly poor functional and anatomical results. 

R.S. Bromer. 


BucHMAN, JosEepH. Osteochondritis of the in 
ternal cuneiform. ¥. Bone Foint Surg., 
Jan., 1933, 75, 225-232. 

Two cases presenting three instances of a 
hitherto undescribed and apparently rare focus 
of osteochondritic derangement of the internal 
cuneiform, associated with a similar involve 
ment of the tarsal scaphoid, are reported. The 
subsequent history of the first patient revealed 
a benign course and a reconstitution of the 
affected bones to a practically normal, though 
somewhat deformed and undersized state. 

The roentgenographic characteristics of the 
condition were irregularity of shape with les 
sening of the longitudinal diameter of the af 
fected bone, with scattered areas of condensa 
tion and rarefaction. The scaphoid which was 
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also affected showed several centers or nuclei 
of ossification. Underdevelopment was also a 
constant finding. 

Buchman enumerates the various locations 
in the bony skeleton where this condition is 
found, discusses the normal ossification of the 
cuneiform bones and mentions the possibility 
that the cause of the condition is an imbalance 
of stress and strain upon a_ physiologically 
weakened area. This imbalance may be due to 
an increased stress and strain, resulting from an 
abnormal weight or excessive activity, or it may 
be due to a diminished resistance incidental to 
rapid growth.—R. S. Bromer. 


Jenkins, P., and DeLaney, P. ArruHurR. 
Benign angiomatous tumors of skeletal 
muscles. Surg., Gynec. & Obst., Oct., 1932, 
555 464 “450. 

The authors report a case of benign angiom- 
atous tumor of the gluteus maximus muscle 
of the arterial type. They collected and ana- 
lyzed the reportsof 256 cases from the literature. 
In regard to age incidence, 79 per cent occurred 
before the age of twenty and 94 per cent be- 
fore the age of thirty. The etiology is obscure 
although the congenital factor seems impor- 
tant, and a history of trauma was obtained in 
17 per cent of the cases. The symptoms are 
pain, tenderness, functional impairment, as- 
sociated with a slowly developing tumor mass. 
This occurs most frequently in the extremities, 
especially the lower and particularly the thighs. 
The quadriceps femoris was the most frequently 
involved muscle. Treatment is surgical excision 
with a good prognosis as to life and function, 
impairment of function being observed in only 
5 per cent of the cases and recurrences in only 6 
per cent. 

Diagnosis was made preoperatively in only 
8.2 per cent of the 256 cases. The accuracy of 
the diagnosis was aided by aspiration of blood 
from the tumor and by the presence of phlebo- 
liths as demonstrated roentgenologically. Dif- 
ferentiation must be made from lipoma, sar- 
coma and cold abscess, although in the above 
cases there were 23 different diagnoses made 
preoperatively. The roentgenologic findings are 
a soft tissue tumor mass frequently containing 
phleboliths or other evidence of calcification, 
not attached to the bone but occasionally pro- 
ducing a pressure defect in adjacent bone or a 
periosteal reaction.—7. H. Vastine. 
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Srraus, Francis Howe. Marching fractures of 
metatarsal bones. Surg., Gynec. © Obst., 
March, 1932, 54, 581-584. 


Insidious fractures of metatarsal bones may 
occur after exhaustion of the normal muscle 
and tendon support to the foot. Such fractures 
occur without obvious trauma, and without 
sufficient immediate pain to notify the patient 
of the injury. Weeks later the developing callus 
becomes painful and calls attention to the 
lesion, but by this time the swelling is apt to be 
considered a neoplasm unless the observer is 
familiar with the picture of a marching frac- 
ture. The incidence of these fractures is 54.5 
per cent in the second metatarsal, 36.8 per cent 
in the third, and 2.5 per cent in the fourth. 
When a case of apparent neoplasm involving 
the periosteum of the second, third or fourth 
metatarsal bones presents itself, the roent- 
genologist should be most hesitant to rule out 
march foot. The negative evidence of fracture 
is misleading as is also the erosion of cortex 
under the new bone growth. 

The author reports a case of marching frac- 
ture which was operated upon with a preopera- 
tive diagnosis of sarcoma. Examination of the 
excised metatarsal showed a concealed frac- 
ture and histological examination of the callus 
showed no evidence of neoplasm or bacterial 
inflammation. Thiele reported 17 cases from 
one battalion in 34 months. Various theories 
have been offered as to the cause of these frac- 


tures, the simple, mechanical explanations of 


Kirschner being quite satisfactory, that is, ex- 
haustion of muscle and tendon protection. 


J. H. Vastine. 


KRAFT, and Karo, Karsuyt. Ront- 
genbefunde bei Bleivergiftung in Kindesalter. 
(Roentgen findings in lead poisoning in chil- 
dren.) Fortschr. a. d. Geb. d. Rintgenstrahlen, 
Sept., 1932, £6, 249-256. 


ERNST, 


In 3 cases of lead poisoning in young children 
dense band-like zones were found in the me- 
taphyses of the bones, which are important di- 
agnostic signs. These shadows are of a lamellar 
type, unlike those present in phosphorus poison- 
ing. Experiments on animals confirmed the 
roentgen findings.—FE. T. Leddy. 


ROENTGEN AND RADIUM 
THERAPY 


Winvtz, H. Strittige Fragen bei der temporaren 
Strahlenamenorrhoe. (Disputed questions in 


May, 1934 


regard to temporary amenorrhea from ir- 
radiation.) Strahlentherapie, 1932, 45, 653 
6<6. 


The question of possible injury to mother or 
child from temporary sterilization by roentgen 
irradiation was thoroughly considered by the 
Bavarian Obstetrical and Gynecological So- 
ciety. They found that there is no injury to the 
mother. The possibility of injury to the child 
depends on whether early or late fertilization 
takes place. Early fertilization is that which 
takes place in the first month or two after the 
sterilizing dose is given before amenorrhea has 
begun, late fertilization that which takes place 
after the roentgen amenorrhea is terminated. 
They found that injury of the child might be 
possible in early fertilization but not in late 
fertilization. Among the s00 children who have 
been born of mothers temporarily sterilized 
none have shown phenotypic injuries. 

A recent publication of the German Society 
for Research in Heredity, however, gives a 
warning against the use of temporary steriliza- 
tion as they say the genes may be so injured 
that late results may occur after generations. 
Wintz thinks that this statement is unfounded 
and that no such danger exists. Miller showed 
that mutations can be produced by irradiation 
in Drosophila melanogaster, but Wintz holds 
that these findings cannot be applied to man. 
Experiments have been carried out on mam- 
mals through six generations without showing 
any injury. He thinks the Society for Research 
in Heredity should revise their opinion or bring 
forth definite scientific proof of it, for if it is 
true it would mean not only that temporary 
sterilization must be given up but also that all 
diagnostic irradiation of the male and female 
pelvis is contraindicated.— Audrey G. Morgan. 


LuxXENBURGER, Hans. Temporare Strahlen 
amenorrhoe und menschliche Erbforschung. 
(Temporary sterilization by irradiation and 
research in human heredity.) Strahlenthe 
apie, 1932, £5, 679-690. 

It has been absolutely proved that mutations 
can be brought about in plants and animals by 
roentgen irradiation. The objection has been 
made that the results in Drosophila cannot be 
applied to man but A. Bluhm has performed 
experimentations on mice which show that mu- 
tations can be brought about by alcohol and it 
seems highly probable that mutations can also 
be brought about in man and other mammals 
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by roentgen irradiation. Of course this has not 
actually been proved by experiment for man 
as yet for that would require several genera- 
tions. But man has a greater number of patho- 
logical hereditary characteristics than any 
other species of animals. It is highly improb- 
able that they all existed in the genes of the 
original ancestor of the race and so they must 
have been introduced by mutations brought 
about by external influences. The burden of 
proof rests on those who hold that such muta- 
tions cannot be brought about and that the 
results of animal research cannot be applied to 
man, as they are using a method of treatment 
that is dangerous to the race if such mutations 
are possible. 

To settle the question absolutely several 
generations of the descendants of women who 
have been irradiated must be studied and for 
this purpose a most careful investigation of the 
family history is necessary in order to exclude 
pathological anlagen that may have existed 
before the irradiation. 

The author thinks a warning should be given 
not only against temporary sterilization but 
also against repeated diagnostic irradiations of 
the pelvic organs, as such irradiations are 
rarely necessary to the life of the individual and 
the advantages do not outweigh the danger to 
the race.— Audrey G. Morgan. 


Maurer, E. Untersuchungen an Kindern 
strahlenbehandelter Mitter. (Examinations 
of children whose mothers have been irradi- 
ated.) Strahlentherapie, 1932, £5, 6g1—6g9. 


The question of whether children are really 
injured by roentgen irradiation of the mother 
during pregnancy is a very difficult one to 
answer and the question of whether such in- 
juries, if they exist, can be transmitted to the 
oftspring is still more so. 

Klaskamp reported 214 children whose 
mothers had been irradiated during pregnancy 
and since then enough new cases have been re- 
ported to bring the number up to 229. There 
were pathological findings in 53 of these cases, 
or almost 25 per cent. But in a number of cases 
that the author has had occasion to examine 
similar pathological conditions existed in elder 
brothers or sisters who had been born before 
the irradiation. That is to say, many of these 
pathological conditions were congenital and 
familial and not caused by the irradiation. 
The only way to settle the question definitely 
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is to collect accurate data on the children and 
the families and to record the dosage and time 
of irradiation. An outline of the necessary in- 
formation to be obtained is given. All of this 
material should be sent to a central institute 
and the children reexamined about every three 
years. In this way data could be collected that 
would settle the question.— 4udrey G. Morgan. 


NURNBERGER, L. Die Entschilessung der Deut- 
schen Gesellschaft fiir Vererbungswissen- 
schaft zur Frage der Spatschadigung durch 
Réntgenstrahlen und ihre Folgen fir die 
Strahlentherapie. (The resolution of the 
German Society for Research in Heredity in 
regard to late injury by roentgen rays and 
its consequences for radiotherapy.) Srah/en- 
therapie, 1932, 45, 700-710. 


The author discusses a resolution adopted by 
the German Society for Research in Heredity 
and the German Society for Race Hygiene in 
September, 1931, in which they point out the 
danger of injury to the race by changes brought 
about in the germ plasm by roentgen irradia- 
tion and say that this danger is proved by exact 
scientific experiments. The author takes ex- 
ception to this statement and says that it is 
by no means proved. He says further that the 
adoption of the resolution involves serious con- 
sequences for roentgenologists. Before its adop- 
tion if a mother who had been irradiated gave 
birth to a defective child she had no ground for 
action against the roentgenologist and the 
judge would have been obliged to dismiss such 
a suit for want of evidence. But now since the 
adoption of such a resolution by two such well- 
known and powerful associations it can be 
brought forward as evidence that there is dan- 
ger and that the roentgenologist must have 
known that such danger existed. And even if 
the child is apparently normal such a fear of 
late consequences may be awakened in the 
parents’ minds that their lives are embittered. 

The author believes the societies were wrong 
in adopting such a resolution not based on 
definite scientific evidence, and that if there 
had been definite scientific evidence of late in- 
jury of the germ plasm by irradiation they 
should have condemned not only temporary 
sterilization but any irradiation of the pelvic 
organs even for diagnostic purposes as Wintz 
claims that small doses of irradiation are par- 
ticularly apt to cause mutations.—Audrey G. 
Morgan. 
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Dyrorr, Rupotr. Vergleichende Ovarhisto- 
logie in Beziehung zur Keimschadigungs- 
frage durch Réntgenstrahlen. (Comparative 
histology of the ovaries in relation to the 
question of injury of germ plasm by roent- 
gen rays.) Strahlentherapie, 1932, 45, 711 

A difference of opinion has arisen between 
the gynecologists and students of heredity in 
regard to the possibility of causing injurious 
mutations in human beings by roentgen irra 
diations. The claims of the eugenists are based 
on experiments on Drosophila. In an effort to 
show that these findings are not applicable to 
man the author discusses the comparative his- 
tology of the ovary in diptera and mammals. 
It is known that irradiation has a more in- 
tense action on cells that are active metaboll- 
cally than on those that are in a resting stage. 
The maturing ova of the human ovary are en- 
gaged in active metabolism while the _pri- 
mordial ova are in a quiescent stage and are 
therefore resistant to irradiation. Therefore in 
early fertilization soon after irradiation there 
might be injury of the offspring. This, how- 
ever, can be prevented by refraining from coitus 
for the first few months. But the primordial 
ova which are fertilized later after the end of 
the roentgen amenorrhea have not been in- 
jured and therefore no injury to the child can 
result in late fertilization. But in the ovary of 
the diptera there are no resting ova corre- 
sponding to the primordial ova in mammals 
and therefore the experiments on Drosophila 
have no bearing on the question in man. 

Spermatozoa also show a relatively high 
metabolism and so experiments on male mam- 
mals are not conclusive. The only experiments 
that would be really conclusive would be those 
on female mammals. In the meantime the pre- 
ponderance of evidence is that there is no dan- 
ger of harmful mutations in late fertilization. 
Audrey G. Morgan. 


Neerr, Tu. C. Das Dosierungsproblem bei der 
temporiaren Strahlensterilisierung. (The prob- 
lems of dosage in temporary sterilization by 
irradiation.) Strahlentherapie, 1932, 45, 734 
739: 

It has been questioned whether dosage for 
the ovary can be made accurate enough to en- 
sure only temporary sterilization. It is hard 
to determine the exact position of the ovary, 
and the different tissues of the body are not 
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homogeneous. The lack of homogeneity, how 
ever, can be compensated for and a good deep 
dosage can be obtained by using as hard rays 
as possible with a tension of not less than 18 
kv. and a filter of 0.5 mm. copper. With this 
irradiation the possible error from inhomo 
geneity is not more than 2 per cent. In order to 
measure the dose applied to the Ovary accu 
rately it is best to place a dosimeter in the pos 
terior vault of the vagina and to irradiate from 
two fields, back and front. Instead of turning 
the patient over, which would result in some 
displacement of the ovary with reference to 
the dosimeter, the irradiation should be given 
from two tubes simultaneously. A table ar 
ranged for this purpose is described and illus 
trated. When this method is used with large 
fields, about 20X 20 cm. and a distance of about 
so cm. the dose is quite uniformly distributed 
for a zone of 5—6 cm. in the deep tissues. 

Counting the sources of error from lack of 
homogeneity, vaginal measurement and pos 
sible defects in the instrument, the maximum 
error need not be more than +¢ per cent. The 
average ovarian dose for temporary steriliza- 
tion is about 230 r and that for permanent 
sterilization about 280 r, so there need be no 
fear of exceeding the temporary sterilizing dose. 
By the use of Kadisch tables it is possible even 
to graduate the dose finely enough for different 
age levels.—.dudrey G. Morgan. 


A.Brecut, Hans. Klinische Erfahrungen mit 
der temporaren Réntgenmenolyse. (Clinical 
experience with temporary roentgen amenor 
rhea.) Strahlentherapie, 1932, 45, 740-746. 
The author discusses his experience with 

temporary roentgen sterilization in polymenor 

rhea from various causes, gonorrheal and tuber 
culous affections of the adnexa, endometrioid 
tumors of the ovary and peritoneum, diseases 
of other organs, as, for example, pyelitis, which 
grow worse during the menses, and in psychic 
and nervous disturbances caused by the sexual 
cycle. The results were excellent. He gave a 
dose of 20-30 per cent of an erythema dose, 
generally at one sitting. The patients usually 
had one or two slight periods after the irradia 
tion, then a period of amenorrhea for from 
several months to a year and then normal men 
struation was reéstablished in all the younger 
women. The amenorrhea sometimes persists in 
women in the preclimacteric period. The signs 
of loss of function were not serious and dis 
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appeared after menstruation was reéstablished. 

The objection has been made to the method 
that it endangers future offspring. The author 
does not believe this is true of late fertilization 
but even if it is it would not affect the value 
of the treatment for preclimacteric cases. In 
view of the objections that have been raised 
to the method, however, as a result of the reso- 
lution of the Societies of Eugenics and Heredity 
he advises gynecologists to limit its use to 
women past the child-bearing age or among 
younger women to those cases in which there is 
a vital indication and these patients should be 
warned against having children.—Audrey G. 
Morgan. 


V. KRENNINGER-GUGGENBERGER, J. Der Oes 
trus das Zeichen fiir den Ovulationsbeginn 
nach temporarer R6ntgensterilisierung im 
Tierversuch. (The estrus as a sign of the be- 
ginning of ovulation after temporary roent- 
gen sterilization.) Strahlentherapie, 1932, 45, 
747-750, 

In studying the question of late injury after 
roentgen sterilization, the author thinks the 
estrus in mice should be considered analogous 
to menstruation in humans. Until a few years 
ago, temporary infertility in animals after 
roentgen irradiation was considered the ana- 
logue of amenorrhea in humans, but it cannot 
be assumed that any infertility in white mice 
is equivalent to a cessation of ovulation such as 
occurs in amenorrhea. It is therefore of great 
importance to observe the estrual cycle in mice 
in order to sort out accurately the cases of 
early fertilization or fertilization of ova that 
have been irradiated.— 4udrey G. Morgan. 


Borak, J. Uber die Moglichkeit und Wahr 
scheinlichkeit von Keimschadigungen nach 
Ovarialbestrahlungen. (On the possibility 
and probability of injury to the germ cell 


after irradiation of the ovaries.) Strahlen- 

therapie, 1932, 45, 751-758. 

The author holds that even if roentgen rays 
are capable of producing mutations in the im 
mature germ cells of Drosophila such as those 
that have been demonstrated for the mature 
cells it would be of very little consequence for 
man. In order for inherited injuries to become 
manifest there must be a large number of off 
spring and inbreeding must take place. Dr. 
Piller, a noted social hygienist, has undertaken 
to calculate the probability of inherited injury 
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after roentgen amenorrhea. Taking into con- 
sideration the small number of offspring in man 
and the lack of inbreeding, he comes to the 
conclusion that if 2000 women were temporarily 
sterilized in Germany per year, among a mil- 
lion children in the second generation less than 
0.2 per cent and in the third generation less 
than 0.5 per cent would deviate from normal 
on account of the irradiation. In the second gen- 
eration, therefore, the probability of inherited 
injury would be 1:5,000,000. Considering the 
further facts that this is much more than the 
number of women actually sterilized, that most 
of the mutations are fatal and no offspring are 
produced and that among the visible muta- 
tions many are purely physiological without 
any pathogenetic character, it can readily be 
seen that there is very little danger of future 
generations being injured by the irradiation. 
On irradiation with doses up to 100 r, ac- 
cording to what is known at present, injury of 
the germ plasm is not impossible but highly 
improbable.—Audrey G. Morgan. 


DruckMANN, Apotr. Ruckbilding einer Exos- 
tose durch Rontgenbestrahlung. (Retro- 
gression of an exostosis under roentgen ir- 
radiation.) Strahlentherapie, 1932, 44, 593 
594. 


A young woman of twenty-five came for 
treatment on account of pain in the left shoul- 
der joint. Roentgen examination showed an 
exostosis with irregular and indistinct edges on 
the middle of the median border of the scapula. 
She was given roentgen treatment to relieve the 
pain. Doses of 3 H were given through a dorsal 
field with 0.5 mm. copper and I mm. aluminum 
filter on July 20 and 27 and Aug. 4. The pain 
stopped and the patient was discharged with 
no thought that the exostosis had been affected 
by this small dose. She returned for another ex- 
amination on Dec. 11 because she feared tumor, 
though she had no pain or symptoms of any 
kind. The exostosis had decreased in size and 
become conical instead of mushroom-shaped 
and uniform in structure. 

The irregular and indistinct edges and the 
fact that the patient had only had pain for two 
weeks before she came for the first examination 
indicated that the exostosis was a young and 
growing one. The roentgen irradiations had 
evidently brought about its consolidation and 
partial absorption. The theory of spontaneous 
retrogression might be advanced but no such 
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cases of spontaneous retrogression are known in 
the literature.—dudrey G. Morgan. 


Burter, Behandlung des Basedow 
mittels Curietherapie und ihre Ergebnisse. 
(Treatment of Basedow’s disease with ra- 
dium and its results.) Strahlentherapie, 1932, 
45, 171-176. 


The results of radium therapy in 65 cases of 


Basedow’s disease are discussed. There were 
27 cured, 23 improved, 4 still under treatment 
and 11 who gave up the treatment. This makes 
41.53 per cent of the total number cured and 
35.38 per cent improved. But counting out the 
4 still under treatment and the 11 who stopped 
treatment leaves only 50 cases and the per- 
centages for cure and improvement are 54 and 
46 per cent. Seven of the improved cases would 
probably have been cured if they had con- 
tinued treatment. Counting these cured gives 
62.79 per cent cures. 

There is almost immediate improvement in 
the nervous symptoms, such as tremor, pal- 
pitation and tachycardia. The menstrual and 
digestive disturbances are also cured and the 
patients gain weight and feel perfectly well. 
The hypertrophy of the thyroid and the exoph- 
thalmos persist longest and in some of the 
cases they did not disappear entirely. Basal 
metabolism determinations were made as an 
index of cure. 

The radium was applied externally using flat 
or cylindrical apparatus. Radium sulphate 
plates 9 sq. cm. in area and weighing 22.5 mg. 
were used for flat apparatus and tubes contain- 
ing 20 to 50 mg. radium salt as cylindrical ap- 
paratus. Their walls were of aluminum o.5 mm. 
thick. The filter first used was 2 mm. lead and 
later platinum. The secondary filters were 
gauze and rubber, paraffin or Columbia paste 
and the distance from the skin 3 cm. The ap- 
plications were for twenty-four to forty-eight 
hours depending on the amount of radium used. 
This technique caused radium dermatitis with 
telangiectases in some of the cases until the 
secondary gauze filter was replaced by paraffin 
or Columbia paste. 

In severe cases injections of radium serum 
each containing 3 to 15 mc. were given twice a 
week. The duration of treatment varied from 
three to thirty-three months. The time required 
for treatment was proportionate to the severity 
of the disease. The average time was twelve 
months with 12 applications.—Audrey G. Mor- 
gan. 
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Borak, J. Die Beziehungen zwischen der 
Strahlenempfindlichkeit maligner Tumoren 
und ihrer Muttergewebe. (Relations be 
tween the radiosensitiveness of malignant tu 
mors and their mother tissue.) Strah/en- 
therapie, 1932, 44, 601-654. 


In the radiotherapy of malignant tumors the 
constitutional and conditional factors which 
have an effect on the radiosensitiveness of tu 
mors must be determined. 

The constitutional factors result from the 
nature of the tumor or its mother tissue and 
the possibilities of radiotherapy in any given 
kind of tumor are dependent on them. It is first 
necessary to determine from what mother tis- 
sue the tumor in question originates and 
whether this mother tissue can be destroyed by 
irradiation without necrosis of the surrounding 
tissue. If it is a mother tissue that can be de- 
stroyed without injury of the neighboring tis 
sue the dosage necessary for this destruction 
must be determined. If it is a mother tissue that 
cannot be destroyed without injury of the sur 
rounding tissue it is necessary to determine 
whether it is an absolutely or only a relatively 
immature tumor or whether metaplasia has 
occurred. 

The conditional factors of radiosensitive 
ness depend on the nature of the surrounding 
tissue or the regional and distant organs and 
the possibility of radiotherapy in the individual 
case must be judged from them. It is necessary 
to determine whether the neighboring tissues 
are infiltrated with tumor, whether they have 
been injured in any other way as by infection, 
operation or irradiation and whether there are 
any local or distant metastases. 

In addition to these radiobiological factors 
there are clinical and radiophysical factors 
which play a part in determining the indica- 
tions and prognosis as well as the plan of treat- 
ment in malignant tumors and a report will be 
made on them later.—dudrey G. Morgan. 


Nemenow, M. Uber Geschwiilste embryonalen 
Baues—Embryozytome—und ihre Radio 
sensibilitat. (Tumors of embryonic structure 

embryocytomas—and their radiosensitive 
ness.) Strahlentherapie, 1932, 44, 655-678. 


Most malignant tumors are not very sensi 
tive to irradiation. There are malignant tu 
mors of great radiosensitiveness, however, in 
different organs, chiefly in the endocrine glands. 
Cases of such radiosensitive malignant tumors 
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in the testicle, ovary, thymus, parotid gland 
and hypophysis are described. These tumors are 
all very much alike in their histological struc- 
ture. There are other tumors of the same 
morphology, however, which are resistant to ir- 
radiation. 

It is impossible to classify these tumors as 
carcinomas or sarcomas according to their 
morphology. They must be classified in a spe- 
cial group which the authors call malignant 
embryocytomas. They may be divided into two 
subgroups, one sensitive and one resistant to 
irradiation. The degree of differentiation of the 
cells can be judged from their radiosensitive 
ness. The cells of the radiosensitive tumors are 
not highly differentiated. 

The radiosensitive embryocytomas and their 
metastases have a decided capacity for infil- 
trating the surrounding tissues along the inter 
stices without destroying them by proteolysis. 
The embryocytomas resemble some lympho 
sarcomas in their degree of radiosensitiveness 
and their method of infiltrating the surrounding 
tissues. Some bone tumors also (Ewing’s sar 
coma) and many tumors which have been clas 
sified as endotheliomas belong in the group of 
radiosensitive embryocytomas. 

The roentgen rays act on the finer structure 
of the cells—their molecules and atoms—and 
therefore it is as a rule impossible to judge 
their radiosensitiveness from the histological 
picture which only represents the gross struc- 
ture of the cells.—4udrey G. Morgan. 


Durry, James J. Carcinoma of the tonsil; a 
review of 122 histologically proven cases 
treated 1g21 to 1928, inclusive. Surg., Gynec. 
Obst., March, 1932, 54, 539-550. 


These lesions constituted 2.23 per cent of the 
malignant tumors included in the survey made 
by Pack and LeFevre, of 19,129 cases admitted 
to the Memorial Hospital, New York City. 
Of the intraoral group of tumors, carcinoma of 
the tonsil accounted for 9.64 per cent, more 
than ten times the incidence of lymphosarcoma 
of the tonsil. 

The most common symptom is pain, es 
pecially on swallowing, with an irritation or 
soreness of the throat and occasionally pain re 
ferred to the side of the head. In cases in which 
pain is referred to the side of the head, the 
lesion infiltrates deeply and there is consider- 
able extension into the base of the tongue, or 
there is a mass in the cervical region, which in 


and Radium Literature 717 


~ 
~ 


filtrates around the upper branches of the 
cervical nerves. There may be cervical metas- 
tasis from an apparently insignificant lesion in 
the tonsil, particularly when the primary lesion 
is a transitional type of cell. 

Carcinoma of the lower grades of malig- 
nancy are more apt to ulcerate and extend 
locally, while transitional cell carcinoma, lym- 
pho-epithelioma and lymphosarcoma ulcerate 
less frequently but metastasize rapidly. 

Treatment. Duffy briefly reviewed the 
scanty literature upon surgical treatment of 
carcinoma of the tonsil and concludes that car- 
cinoma of the tonsil in any stage is primarily 
surgically inoperable. Bloodgood has said that 
he has not cured a case of carcinoma of the ton- 
sil by surgery. 

The author presented 122 cases of carcinoma 
of the tonsil treated at the Memorial Hospital 
between the years Ig21 and 1928, inclusive, of 
which, 29 per cent were classified as early and 
the remainder were advanced. Fifty-eight per 
cent of the cases had definitely palpable metas- 
tases when admitted. The location of these 
metastases was in the deep cervical group in 
63.7 per cent; the node overlying the carotid 
bulb in 13.2 per cent; the node in the posterior 
submaxillary region in 6.6 per cent; the nodes 
on the opposite side to the primary lesion in 3.3 
per cent; the nodes on both sides in g.§ per cent, 
and the whole chain of nodes on the same side 
as the lesion in 3.3 per cent of the cases with 
metastases on admission. 

Only those patients treated up to 1925 were 
included in the five year group. Of those 49 
cases, 13 had no cervical nodes throughout, and 
38.4 per cent, are well; 13 developed 
metastases after admission and none is well; 
15 had operable nodes on admission and 4, or 
26.6 per cent, are well, and 8 had inoperable 
nodes on admission and 1, or 12.5 per cent, is 
well. These represent patients well for five years 
or more and gives an average of 20.4 per cent 
of all cases, regardless of the stage of the dis- 


or 


ease, as well five years or more. 

The technique employed by the author is as 
follows: The treatment of carcinoma of the 
tonsil consists of a combination of external and 
interstitial irradiation. Each side of the neck 
is subjected to high voltage roentgen therapy, 
the beam including both the primary lesion and 
the lymph drainage areas. Immediately follow- 
ing these exposures a radium pack is directed 
over the primary lesion and the adjacent cervi- 
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cal region. These irradiations are given in full 
erythema dosage. This amount of radiation de- 
livers 150 to 180 per cent of a skin erythema 
dose to the tonsillar growth. A varying amount 
of radon is then implanted into the neoplasm, 
depending on its size and configuration. 

If operable cervical metastases develop, or if 
they are present at the time of admission, a 
neck dissection is done when the skin reaction 
from the external irradiation has subsided and 
the primary lesion is nearly healed. If the pri- 
mary growth is a very radiosensitive type, radi- 
cal surgery of the nodes is not undertaken; de- 
pendence is placed upon the surgical exposure 
of the node and radon in full dosage implanted 
in gold tubes. In the more advanced cases, the 
interstitial radiation is buried through the skin 
without incision. ¥. Vastine. 


Burnam, Curtis Fk. Diagnosis and treatment 
of malignant tonsil conditions. Surg., Gynec. 
& Obst., Nov., 1932, 55, 633-639. 


The diagnosis and treatment of malignancies 
of the tonsil present problems quite similar to 
those of neoplasms of the posterior surface of 
the tongue, of the pharynx, and nasopharynx. 
The tumors are similar in histology, difficulty of 
diagnosis, clinical course, and general impossi- 
bility of adequate surgical treatment. In gen- 
eral, the progress of the disease is rapid and the 
glands are involved early, 70.3 per cent of the 
165 cases reported by Burnam having palpable 
nodes when coming under treatment. 

Symptoms. The most common initial symp- 
tom is pain which may be local but which more 
often radiates to the ear, neck and head. The 
appearance of a glandular mass in the neck was 
occasionally the first observed evidence of the 
disease. Discomfort on swallowing has been the 
initial symptom in some cases and has persisted 
for months before a visible lesion has appeared. 

Diagnosis must rest ultimately on a micro- 
scopic examination. Differentiation must be 
made from syphilis, tuberculosis and Vincent’s 
infection, all of which are quite common. 
Primary Hodgkin’s disease of the tonsil is not 
uncommon. 

Types of Malignancy. Metastatic malig- 
nancy to the tonsil is rare. The author observed 


3 cases, 2 adenocarcinomata from the breast 


and one very malignant embryonic type of 


adenocarcinoma from the testicle. 
The primary tumors may be divided into the 


mixed tumors, the epitheliomata and the sar- 
comata. 


The mixed tumors are similar in histology 
and clinical course to the mixed tumors of the 
parotid. These the author believes to be of low 
malignancy, radioresistant and more amenable 
to operative removal. Berven reported on ¢ 
cases treated by combined radium and opera 
tion with 3 five year cures. 

Epitheliomata. These are usually of a high 
grade of malignancy. Broders classified 94 per 
cent of these cases at the Mayo Clinic as be 
longing to grade 3 or 4. In contrast to this, 
Ewing found 72 per cent of 200 cases to belong 
to radioresistant neoplasms, and Coutard 
found 62 per cent of 47 cases to be resistant. 
Ewing classifies epitheliomata of the tonsil into 
squamous or spinous cell epitheliomata, transi 
tional cell epitheliomata, and lympho-epi 
theliomata. The squamous cell epitheliomata 
vary in histological appearance from those 
composed of adult cells to anaplastic growths 
which can hardly be distinguished from sar 
comata. Transitional cell epitheliomata are 
made up of sheets of large, pale, delicate cells, 
with large nuclei and indefinite outlines. 
Lympho-epitheliomata were described in 1921 
by Schminke and Regaud independently. They 
are, histologically, very similar to the transi 
tional epithelioma, but include rapidly pro 
liferating lymphoid tissue which gives the same 
histological impression as lymphosarcoma. 

Sarcomata of the 
lymphosarcomata. 

Treatment. Since Matthews’ report, in 1912, 
of the surgical results obtained in treating 
malignant tumors of the tonsil, there have been 


tonsil principally 


no satisfactory reports of extensive series of 


cases from a single clinic. The radiation treat- 
ment, however, is fairly well recorded. Schreiner 
reported on 60 cases treated between Igis and 
1925 with 2 living three years or more. Quick 
reported on 318 cases treated between I1g18 and 
1928 with 28 living three years or more. Coutard 
reported on 47 cases with 7.7 per cent cures in 
epidermoid epitheliomata and 62 per cent in 
other cases. Neu reported 4 of 15 cases as living 
more than one year following cautery, radium 
treatment and block dissection of the neck. 
Berven reported 4, or 28.6 per cent, of three 
year cures in 14 cases treated by surface ra 
dium, interstitial radium and teleradium. The 
author reports 9.75 per cent of 123 cases treated 
between Ig11 and 1927 as living and appar 
encly well. In the cases which could be traced 
and in which there was healing of the primary 
tumor obtained, 50 per cent of sarcomata and 
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12.9 per cent of the epitheliomata remained 
well five years or more. 

Technique. Burnam employs interstitial ir 
radiation for treatment of the primary lesion, 
crossfiring the affected tonsil as well as the re- 
gional lymph drainage with teleradium em- 
ploying 25 gram-hours at Io cm. distance 
through each portal, four or five such portals 
being employed. Berven is convinced that the 
effects of teleradium are very much superior 
to those obtained by roentgen irradiation. 
Coutard has obtained excellent results with 
roentgen irradiation alone. Burnam favors the 
use of radium and attributes its effects to the 
slow, continuous irradiation over several weeks 
as contrasted to single intense exposure as often 
employed in roentgen therapy.—¥. H. Vastine. 


New, Gorpon B., Bropers, ALBERT C., and 
CuitpreEY, Joun H. Highly malignant tu 
mors of the pharynx and base of the tongue. 
Surg., Gynec. & Obst., Feb., 1932, 54, 164 
174. 

The most common malignant tumors of the 
pharynx and base of the tongue are the lympho- 
sarcomata and the squamous cell epithelio 
mata graded 3 or 4. The authors discuss the 
lympho-epithelioma and transitional cell car 
cinoma and state that these are both the same 
tumors and are in reality squamous cell epi 
thelioma, graded 4. 

The present review covers 624 of 1,393 pa- 
tients with such tumors seen at the Mayo Clinic 
over a period of 14 years. Only those cases were 
included which were microscopically proved. 
78, or I in 10, were lymphosar- 
comata, 267 were squamous cell epitheliomata, 
graded 4, and 279 squamous cell epitheliomata, 
graded 3. 

In 31.8 per cent of 194 cases of lesions of the 
nasopharynx, there was cranial nerve palsy 
with an average involvement of about three 
nerves. The sixth, fifth and ninth nerves were 
those most often affected. Grade 3 epithelioma 
most frequently involved the nerves. Lympho- 
sarcoma, a softer and bulkier type of neoplasm 
with less tendency to infiltrate, involved the 
nerves less often. 

The authors give numerous factors which 
influence the treatment showing the necessity 
of individualization. The authors only found 
182, or 29.15 per cent, of the 624 microscopi- 
cally proved cases favorable for treatment. 


Of these cases, 


l_ymphosarcoma is more malignant and more 
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radiosensitive than the active type of epi- 
thelioma. A large proportion of epithelial 
growths of the pharynx and tongue are of an 
undifferentiated, radiosensitive type of cell 
structure. Operation, diathermy or cautery is 
still being used for these lesions which might 
better be treated by irradiation alone. It is pos- 
sible that these lesions may be activated by in- 
complete surgical procedures. Localized, ac- 
cessible lesions of the tonsil, tongue, or pharynx 
may be excised surgically or by diathermy or 
cautery, followed by the insertion of radium di- 
rectly into the wound. In the lower grade 
lesions, this is followed by surgical removal of 
the lymph nodes of the neck which drain this 
area. If the primary lesion is extensive, with 
or without large lymph nodes, irradiation prob- 
ably offers the only chance. For lesions in the 
nasopharynx, surface applications of radium 
are indicated. 

About 16.5 per cent of all patients treated 
are alive three years or more.—. H. Vastine. 


STAHLER, Frirz. Ein neues Zielinstrument zur 
Erleichterung des Einstellens bei gynako- 
logischen Tiefbestrahlungen. (A new aiming 
instrument to make focusing easier in gyne- 
cological deep irradiation.) Strahlentherapie, 
1932, 475-480. 

In the treatment of carcinomas of the female 
genitalia the rays have to pass through thick 
layers of normal tissue. The author’s clinic 
generally uses four fields, two ventral and 
two dorsal, about 80 to 150 sq. cm. in area and 
sometimes in addition a vulvar or an intestinal 
field. The rays have to be directed on these 
fields at an angle of 4°—5° and it is very hard to 
adjust the tube so as to be certain that the cen- 
tral ray strikes the tumor. 

An instrument is described and illustrated by 
means of which it is possible to direct the rays 
on the tumor and also to determine the depth 
of the tumor. The illustrations show clearly the 
method of using the instrument. Its construc- 
tion and use are very simple so that it is a valu- 
able aid in practice.—Audrey G. Morgan. 


Scumitr, WALTER. Behandlungserfolge beim 
Kollumkarzinom nach Operation und nach 
Bestrahlung. (Results of operation and ir- 
radiation in cancer of the cervix.) Strahlen- 
therapte, 1932, 44, 401-420. 

The Wirzburg Clinic up to the middle of 

1923 operated on all operable cases, while in- 


} 


operable cases have been given radiotherapy 
since 1913. The Clinic was under the same di- 
rector for all these years. It has been more than 
five years since the end of the period so the five 
year results are known in all the cases. 

The total number of cases of carcinoma of the 
cervix from Jan. to June 30, 1923 was 
305. Of these, 120, or 39.3 per cent, were oper- 
able, and operated on. The Freund-Wertheim 
operation was performed in 23 cases, extensive 
vaginal total extirpation of the uterus in gs and 
cupravageel amputation of the cervix in 2. 
Among the 23 Freund-Wertheim cases there 

was primary death in 3, or 13 per cent, and 11, 
or 47.82 per cent, remained ‘ae longer than 
five years. The other g died within one to four 
years after the operation. The relative perma- 
nent therefore were 47.82 per cent. 
Among the 95 cases of vaginal total extirpation 
there were 13 deaths, or 13.6 per cent, and 38 
remained alive more than five years, or 40 per 
cent relative permanent cures. Of the 2 cases 
in which supravaginal amputation of the cervix 
was performed one was given roentgen and ra- 
dium after-treatment and died two years after 
the operation, the other was not given post- 
operative irradiation and died four years after 
operation. Dividing the 118 cases of radical 
operation according to the stage of the disease, 
among the 73 in the earlier stages, 50.8 per cent 
were permanently cured while among the 45 in 
the later stages 26.6 per cent were perma- 
nently cured. 


I, 


cures 


Most of the cases were given radiotherapy 
after operation. Among the 23 cases of ab- 
dominal operation there were 20 primary re- 
coveries. Of these, 14 were irradiated with 
roentgen rays alone; g, or 64.3 per cent, of these 
remained alive more 
the 6 that were not irradiated 2, or 33.3 per 
cent, remained alive more than five years. 
Among the g§ cases of radical vaginal operation 
there were 82 of primary recovery. Among 
these, 63 were irradiated and 26, or 41.3 per 
cent, recovered permanently. Among the 43 
cases irradiated with radium alone, there were 
48.4 per cent permanent recoveries, among the 
8 irradiated withroentgen raysand radium com- 
bined 25 per cent and among the 11 irradiated 
with roentgen rays alone 36.4 per cent. Among 
the Ig cases not given after-irradiation there 
were I2 permanent recoveries, or 63.1 
cent. 


per 


Among the total 118 cases of radical opera- 
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than five years, while of 


tion there were 102 primary recoveries, 77 cases 
of after-irradiation with 45.5 per cent perma- 
nent recoveries and 25 cases not irradiated with 
56 per cent recoveries. The figures are too small 
of course to permit of definite judgments as to 
the value of postoperative irradiation, partic u- 
larly as in many cases only small doses of i 
radiation were used. 

Irradiation was given before operation in g 
cases, all of them far advanced. The irradiation 
rendered operation possible and in all but one 
of these cases radiotherapy was given after 
operation also. Five of the patients, or 55.5 per 
cent, remained alive longer than five years. 

Counting the whole number of operated cases 
the figures for relative permanent cure were 
40.8 per cent (49:120) while for the 118 radical 
cases they were 41.5 per cent (49:118). 

Among the 185 inoperable cases 16} were 
given radiotherapy. Of these 14 remaine: 
after more than five 

Kor the total 305 cases the result of combined 
treatment—operation of operable 
radiotherapy of inoperable ones—was a relative 
permanent recovery of 63: 305, or 20.6 per cent. 
Counting out the 22 untreated cases, the ab 
solute figure was 63:2 


| alive 
years, or 5.58 per cent. 


cases and 


83, Or 22.2 per cent. 
The figures for the years 1899 to IgI3 are 
also given and a comparison shows that with 
the development of operative technique and in 
creasing confidence in surgery the percentage 
of operations increased. The primary mortality 
for the second period (1907—1g90g) sank to about 
a third that of the first period. But in the third 
period (1gto-1g12) when the limits of opera- 
bility were extended still further and 73.6 per 
cent of the cases were hp gpa on the primar) 
mortality rose to 21.8 per cent. But in spite of 
this very high primary mortality the absolute 
figure for permanent cures was 24.4 per cent. 
When radiotherapy was begun in 191} more 
caution was again used in the choice of oper- 
ative cases and only 39.3 per cent of the cases 
admitted were operated on. The primary mor- 
tality fell to 13.3 per cent and the relative 
permanent cures after operation rose to 40.8 
per cent. But in spite of radiotherapy of in- 
operable carcinomas which had necessarily re- 
mained completely untreated up to 1913, the 
absolute figure of 20.6 per cent remained less 
than that of the previous periods. The absolute 
figures for permanent cures were best in those 
years in which the limits of operability were 
extended most. —.7udrey G. 


Morgan. 
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